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PREFACE. 


bet  that  two  editions,  cacli  of  300O  ooplcti  of  this  work 
hare  bwin  readily  parcluscd,  together  with  letters  reoeiTed 
from  electriduiH  and  tittid«i>ts  all  over  tlic  world,  may  justify 
Ibo  Kntfaor  ia  1«li«ving  that,  in  departing;  bom  tliv<  ix^rly 
iiaiTOlMl  systoin  of  vU-clrical  tc>xt-bGoke,  ho  hue  met  a  widely 
fait  want. 

There  ara  two  olootricttiefl  known  to  the  ecientific  world ;  the 
eleelncity  which  exists  in  natnra ;  and  the  electricity  which, 
created  by  autthematJci&na,  oxistti  chiefly  npon  the  blaokboaidB 
of  the  jirofenaor'a  claw-room.  It  is  Uio  ^ret  of  them  etootrioitiw 
which  this  work  ende&Toiirs  to  elucidate.  The  artificial  eleo- 
tridty  )«  Tcry  mefal  in  cnlcnlnting  tho  effect*  of  electricity ; 
but  tbat  it  doee  not  satisfy  earnest  tbinkeni  is  manifest  from 
the  fact  that  rcoi-nt  text-books  adopt  and  teach  doctrines  which 
were  aoooiint«t  utter  hcrewics  whitn  ihiv  book  first  appeared. 

A  few  wurds  as  to  the  object  of  the  author  may  prevent 
Mime  misoouccptiou.  The  work  is  not  intended  to  enable  tlie 
leader  to  "  crwn  "  for  an  examination,  but  to  load  him  to  Ikink 
for  Um*d/;  not  no  much  to  giro  spuci6o  instructions  iis  to  any 
•pedal  CUD,  a»  to  assist  in  forming  a  clear  conception  of  thoso 
Hmeral  prinoiples  whioli  includo  all  ctuws.  Space  would  not 
permit  the  full  treatment  of  many  subjects,  nnd  the  sdenoo  hu 
dew  eulatrijipi^  tliu  powers  of  any  cue  man,  and  ought  to  be 
tpeoialiied.  Tho  author  has,  therefore,  dondt  fully  with  his 
owD  more  lomiliar  bruuchM,  and  left  the  details  of  those  with 
which  he  has  leee  aoqnainlanoe  to  be  studied  in  works  ipcoially 
dtrvnted  to  them.  Tlie  principles  of  all  are,  however,  explained, 
and  it  is  hqwd  that  thwe  may  include  suggcetions  not  to  be 
found  in  th«  more  »pecialir^-d  books. 
.This  ediliRD  is   ao  were  reprint,  every  Hi&tenM  ^M  \>e«it 
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ox&mined,  Kud  every  Bouroc  of  infonnation  stadied  to  bring  Hit] 
work  Mly  up  to  dalo.    Ono-third  of  thu  book  U  ro^written ; 
nothing  of  oouaequeDOti  lius  boeo  omitted,  liut  to  make  room  for 
tLe  new  matter  eonio  of  the  loss  important  illustrations  hftve 
buoQ  set  aside,  uid  all  uuneocssary  words  out  down ;  but  Um  ' 
work  as  a   whole  remains  what   it  vraa,  the  expression  of] 
original  tliought  and  work,  not  a  more  orthoilox  toxt-bouk. 

As  stated  in  the  firat  preface.  "  the  object  has  been  to  review 
thd  lea>ling  and  fluacntiiil  facts,  and  to  »u  sjstcinatixe  tlteui : 
to  form  of  them  a  ealalof/Bt  raieonni,  in  which  all  information  j 
obtained  ultowhoro  muy  bo  readily  inserted,  and. bo  as  readily] 
uvailablo  vrheu  reijuired.     Many  mere  facts  found  in  all  otbar  , 
books  on  vioctricity  may  hero   bo  omitted,  or  only  slightly 
glunc'd  at;  but  on  the  other  hand,  princtplm  are  dwelt  upon, 
and  the  instruments  necessary  for  tbeir  study  fully  explained, 
so  Uiat  tliose  who  may  have  some  mechanical  aptitude  nuij  ] 
ooDstruct  tJiem  for  tbemselvcs,  tlie  very  best  poaaible  Wftj 
iindentnniling  them." 

It  may  bo  na  well  to  remark  that  Uio  hiatory  of  electric 
discovery  and  progreBs  does  not  enter  within  the  soopo  of  tliia  ; 
work,  but   lliat,  where  occasion  calU  for  rvferonov  to  anoli. 
subjects,  it  baa  bocu  the  deeire  of  the  autltor  to  give  honour  j 
where  honour  is  duo,  upon  purely  scientific  considerations. 

It  should  also  be  ni«nlione<.l  that  thut  work  urigtnatad  in' 
a  Mxios  of  articles  in  the  Enr/Htl'  Mechanic  and  later  pajKra  id 
tbe  fZedncMK ;  the  new  illnstrationii  iu  the  Chapter  on  Current 
appeared  in  (he  Electrician,  and  the  curves  of  safe  ourreut  !n 
the  Kteclritat  Snyineer. 
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CHAPTER  L 

INTHOnUCTOBT. 

1.  6nper6nal  Uiink«r«  onmmonly  deride  what  they  cull 
••  superficial  knowledge,"  kud  quote  Uie  poet's  erroueotm  dogmn 
Out  ** «  little  knowlodf^  is  a  datiKerouti  Uiin};."  A  liltli-  know- 
ledge  may  be  most  Tatnable,  and  ^n  BCicnce  it  U  cerlaiii,  titat, 
to  a&dBntand  any  one  enbject  tburougbly,  wo  must  know  some- 
Ihiag  of  many  other  siibjoctsi  hucIi  kiiowli?d);«  can  only  be 
alight  or  enponicial,  bat  wo  neror  know  at  what  moment  same 
■pponoitly  sinnll  piece  of  knowlcdp)  mny  throw  a  flood  of  li^bt 
in  an  nn«xpected  diiectiOD ;  so  that  the  studeut  of  any  Ecieuoe 
abonid  endeavour  to  fi;«t  a  wide  knowledKe,  even  wliero  ho 
aaa&ot  aecnre  depth,  bat  he  shoidd  take  care  tbal  bta  kuow- 
ledgn  ta  aociiTatei  bo  far  as  it  goes,  and  sbould  carefully 
teaagaiae  ite  tnie  limits.  A  little  Imowledf^  only  beoomos 
dangoitnis  when  it  is  t«lioTed  to  be  greater  than  it  is. 

2.  Lonl  Derby,  in  one  of  his  addrcsaM  to  etndents,  defined 
knowlvdn  a*  tlwt  which  a  man  had  ^o  socnred  that  be  ootild 
prodnca  U  at  anv  moment  ont  of  hie  own  hoait ;  thnt  definition 
ma^  b*  correct  from  th«  point  of  view  of  a  crammer  for  cxami- 
mtiutMi ;  It  i*  not  tnM)  aa  rolato*  to  the  pmcticnl  mnn  of  acivnco, 
(iir  i..r5iiiii«  iIm)  tooat  valoablo  part  of  bin  knowledge  i»  thfl 
L. .  i\  hens  to  find  what  be  wanta  when  ha  wmiitn  it.     Th« 

ki ...^>'  we  can  carry  in  our  heada  mity  be  ooinparc>ct  (a  tlie 

B>OD«y  in  rmr  poekcta,  tno  other  iit  our  bank  acoonnt.  The  man 
who  triea  to  fix  all  his  knowl^lgo  in  his  own  memory  nualy 
gets  mnvfa,  and  is  very  apt  ti>  injure  hui  hcultli.  and  dwarf  hia 
rwaoninji:  nowors.  llio  gnmi  importonoe  of  thforg  is  that  it 
lialcs  tugetJier  the  whole  rangv  uf  a  soienoe,  enabling  us  to  re- 
mem'ber  without  taxing  tho  luoinor}' ;  it  often  gires  tu  safa 
knowlodge  of  facts  which  wo  have  iKv«r  known  as  such,  whilo 
it  ayalviuatisiii*  all  tlwiloMM  of  our  knowledge,  ass  weII-Mrang<  ' 
ayctem  of  iihelviut  dons  Aw  thg  book»  of  a  Ubniry,  at  lh«  yxAi^  V& 
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J.  Ill  tho  Btiiily  of  eli-otrioity  nnil  itiH  Tarimix  ftpplicntinni!,  vn 
require  tu  )iav«  eomt>  knuwlcdtfo  of  tlio  fuiidu mental  nriiiuijilM 
of  mechanics,  the  Uwh  of  motion,  <iatxgy,  force,  and  liLtit,  mnA 
above  &U  we  iwed  eomti  oociHidurikble  aouuiiint^tiice  n-itli  iht 
(^nerkl  priuciplea  of  cbemiiitry,  ««i)eoi&Uj  if  we  iu«iui  to  &tudf 
it  as  ohl'  of  the  prime  ngendes  of  nature,  isatead  of  aa  a  mere 
departnient  of  matheraatioa,  M  is  done  in  m&uy  text-books. 

In  tbis  work  the  former  ia  the  point  of  view  adopted,  and 
therefore  in  Bomo  caee«  it  appears  best  to  treat  directly  some 
branches  of  eoience  not  oftoo  referred  to  in  elootrical  books. 
This  in  MpeoiftHy  the  cttao  vnth  cbomiBtry,  and  ns  thin  science 
has  gone  throng)!  greiit  changes  of  Inte  yenre,  and  its  terms  and 
doctrines  lire  differently  treuted  by  different  writers,  I  think  it 
hotter  lint  to  risfer  the  reader  to  works  treating  of  this  branch 
of  knowloilge,  but  to  giTe  here  the  general  outline  of  thu  faobs 
principles,  uud  tenns  wbtoh  will  be  employud.  to  serve,  as  it 
wtrc,  as  an  ontline  chart  by  which  we  may  Jift«rwatda  travel 
iutulli gently  throagb  the  land  we  deaiie  to  explore. 

4.  JiiiTEK. — Of  the  essence  or  nature  of  matter  itself  we  know 
abiioliil^ly  nothing,  and  never  shall  know  anything  ;  but  of  its 
properties,  whether  they  be  inherent  in  its  own  easenoe,  or  due 
to  the  aotiou  of  forces  connected  with  it,  we  know  a  good  deal. 

Matter,  as  known  to  us,  consists  of  certain  forms  which  w« 
call  elements,  because  they  are  the  simplest  substancoB  w«  have 
yet  attained  to.  'I'hose  may,  for  all  we  know,  be  cvmpo«ed  of 
varying  mixtures  of  yet  Fdmpler  forms  of  matter;  but  tma 
eoience,  as  diatinguisbed  from  metaphysics,  TofuBoi  to  admit  tba 
"  may  be,"  but  roeta  on  what  is  prvved.  Therefore,  in  scienoe^ 
roattnr  moans  the  elements  and  thoir  comnonnds. 

5.  Elemevts. — Of  these  at  present  sixly-fivo  are  known, 
bcsiJi-e  several  recently  disoiivered  or  supposcul  to  Iihto  been 
inutiitvd.  They  exist  as  gases,  snch  as  byilrogen  and  oxygon ; 
W  liquids,  like  bromine  and  mercury;  and  113  aolids.  auoh  as 
carbon  and  the  long  list  of  metals;  but  these  phyMicol  states 
are  not  essential  to  their  nature,  they  depend  only  on  their 
existing  leUtiouB  to  force,  as  heat  and  pressure  ;  and  as  we  can, 
by  altering  the  conditions  of  foice,  cause  most  of  them  to  pen 
mm  one  state  to  the  othei's,  so  there  is  no  rea»)n  to  doobt  that 
every  gas  can  asi'Umc  the  solid  fonn,  and  every  solid  become  • 
gas,  tinder  sufficiently  altered  conditions  of  force- 

6.  Atoms. — There  is  abundant  tvidonce  that  tboac  oUmentg 
exist  in  the  form  of  ultimate  particles  called  atoms.  posBWsing 
dofinito  dimonsions  and  weight.  Though  thoso  atoms  are  jam^ 
tjcatly  infinitaly  small,  and  beyond  our  powers  of  mowsiirvinmtt 
or  oven  oonooption,  yet  thoir  existence  is  not  a  mfire  hypoUusis^ 
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bat  a.  logioftl  dodnction  from  weI]-prov«d  facts.  AH  tbe  wtiou 
of  matb^  prove  tkcir  pziBtcnoe,  %aA  the  whole  frameifork  of 
modern  ch«tntRtry,  ftod,  indeed,  of  all  the  nstuiul  acienoM,  i» 
based  on  tho  atom. 

Thon  have  been  many  diaonamoDs  as  to  tho  actual  exislence 
of  atoms,  irhicb  Imto  boon  reall  j  batUM  abont  words.  "  Atom  " 
means  itidiniibU,  and  it  is  obvious  that  any  mrtiole  haviuf^ 
dimcnnons  and  wrwEht,  howsror  small,  mnrt  ho  theoretically 
oambis  of  being  divided :  bat  wo  noed  not  ttncumbcr  ootbcIvm 
with  any  hypotMiis  as  to  the  atom  being  infinitely  hnni  and 
•o  on,  aa  subtle  naaonen  about  tiling*  b^ond  out  knowlndgo 
oontintudly  do ;  we  may  simply  oonsidar  uie  atom  tu  the  clti- 
tnate  partida  of  eaoh  fonn  of  matter,  and  that,  if  divided,  it 
would  no  loncar  remain  tbat  fonn  of  matter. 

The  atom  iuM  several  relations  to  force:  (i)  to  gravity,  which 
depends  <hi  its  mas  simply,  without  reference  to  its  oature ; 
(l)  to  beat)  whioh  for  each  phyucal  form  of  matter  is  tho  mdio 
for  all  atoms ;  ( j)  chomicai  affinity,  wfaioh  varies  botweon  overy 
different  class  of  atoms. 

7.  Gtuea, — Besidas  ordinary  matter,  known  to  lu,  spocially 
as  tbo  elom«nl«,  and  ^noraUy  as  poeseoeiug  inertia,  and  tho 
attractiog  forto  of  ffrarUalinn,  and  as  tho  agent  by  whiob  €»ergy 
IS  manifested,  thorn  miut  Iio  somothing  filling  all  spnoo,  by 
which  energy,  as  ligbt,  Ac,  is  trwumitted.  What  it  really  ia, 
yn  have  no  means  of  aaourtaining,  nor  aro  we  over  likely  to 
team  esoept  liy  doduction  from  its  Actions,  bco^uso  it  la  im- 
poMihIo  to  lay  hold  of  and  analyiw  it ;  lint  tho  iutt-resting 
reaearokeH  of  Dr.  Crookea  into  those  extremo  vacua  now  obtain- 
able by  means  of  the  merooiy  pump  (and  whiob  are  rtAdily 
oarried  to  the  one  millionth  of  an  atmosphuru)  sltv>u};ly  su^fi^est 
U)  the  scientiflo  iraaglDation  that  thia  so-callod  "  fourth  state  of 
matter"  may  aotttaUy  be  the  int^irai^Uar  ether,  or  be  a  stage 
towards  it.  If  ao,  tno  elements  must  have  nudergone  so  com- 
plete a  tiansformation,  cither  into  a  nou^atomtc  condition,  or 
into  a  moTo  primal  state,  that  tho  Hhtr  no  longer  answers  to  tho 
fundamental  definitions  of  matbr.  It  baa  no  inertia,  bccHUSO  it 
prodnoM  no  liiotion  or  n^nistnnco  to  lootioii,  and  then>roTO  doM 
not  absorb  anv  energy  in  transmission.  It  has  no  gravitatioB 
ftnoe,  for  if  it  had  it  would  vnrv  in  diinaity  at  varj  ing  ilistancos 
ftom  th«  Ixiilii'H  in  spaoe,  and  would  thoraroro  not  tnmimit 
Uf^t  undisturbed. 

But  whatever  may  be  tbo  actnal  naturo  of  the  tiling  whidi 

fills  spsao,  all  ayatems  of  physical  philoaopby  alike  rotjttiiD  tlds 

so-o(diod  "ethor")  tot  wo  far  as  the  probabtUtica  of  soreral 

hjpotlicaca  aru  oonoemod,  there  is  no  diEEcrcooe  between  this 
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one  nthcmnl  ttubttanoo  trAnHmtlting  tho  impiibcM  of  tlio 
foTOiMi,  »n<l  It  lumJDifvruUH  4>|;unt  ionuing  rn>i]i  tlio  Hun,  or  im 
cloolriditl  finid  perrnding  Bpaoo  mnd  mnttor,  except  that  tbo 
fimi — Hid  lud.lurn  tlieory — ie  by  &r  the  mwl  Rimplo  «utl  nioitt 
uocoTilaiit  n-ith  tho  f»utH  necdiug  QxplaiutUoi). 

8.  Thin  bypotbetioal  ether  is  buing  grnduidly  mode  to  falAl 
mora  ukI  more  of  the  fuiiotiuna  for  wbioh  tho  older  iihilo- 
aupbers  iuvented  separate  "  fluids,"  wad  in  tliia  there  liOH  a 
Dew  danger  for  real  eoieiico.  AltJiougb  we  know  a1isolut«]y 
nothing  ftboot  the  ether,  and  these  applications  of  it  arc  mere 
fraeeaes,  yet  when  a  word  is  invented  to  cover  n  difiicnlty, 
peoplo  easily  come  to  believe  that  this  word  actnally  explains 
tl]o  matter,  and  tho  hypothesis  (^radiially  assumes  tho  rank  of  s 
theory  and  at  lost  an  aoceptod  dogma.  For  instance.  Sir  W. 
Thomson  snid  that  tli«  mode  in  which  tho  other  trannmiti)  tbe 
undulations  of  light,  nii^ht  bo  ocimnnrod  to  tho  vihrutiona  Bftt 
tip  in  n  nuuw  of  jolly :  tlnit  is  a  ukoFuI  illustralion,  hut  it  is  no- 
thing more  than  h  pitnthlu  or  fiihlu,  OOiiT^ing  »  truth  through 
unreal  figiirw.  Vet  it  ia  liocoming  oonunon  for  Iccturem  nod 
prufosnurH  to  iPMik  o(  tho  eth«r  a«  a  jolly-Iiku  suliittAuou,  whilo 
tht>  mullK-mAt)oi»as  alrewly  csomTnonly  cummit  th«  uljsuRlity  of 
ikliplyiiig  fortiiulw!  and  urgiiintititii  l«uii>d  upon  tht'  prujiftrtiM  of 
fHallert  to  this  uiitily,  (if  whidi  »ur  uoat  curtain  knowledge  u, 
that  it  tloet  not  potKctt  ihate  properlieM. 

Unfortunately,  mathematioul  theorists  too  remlily  adopt  tlte 

Sractices  of  the  old  metaphysicians:  they  ui«  apt  to  meet  a 
ilBculty  with  th«  phrase,  "If  w«  assume."  and  to  huild 
fearlessly  on  these  assnmptions,  which  generally  take  tlie  form 
of  giving  to  tho  ether  some  arbitrary  projieity  which  will  fit  ii 
to  tho  case.  Now  hypothesis  is  useful  in  scienoe,  but  it  must 
Iki  dorivcd  from  tho  facts,  not  invented  meioly  to  provide  an 
imaginary  expLannlion.  A  book-keeper  could  always  furuislt  a 
satisfactory  Vmlance-shoet,  if  tho  auditors  allowod  him  to  Kt  up 
Imaginary  cri-dits  and  draw  «pnn  thoni  at  plciicurc.  Rnt  Uiotq 
would  hu  trouble  in  roulising  the  a«sot«,  and  it  is  the  Hnnio  with 
tlioMC  fictitiouHDxplanationa.  A  wise  hnmility  will  rcoogniM  its 
ignorance,  and  a  wise  pntienco  await  fii1I«r  knowledge,  rather 
than  invent  an  artilioinl  knuwlijdge  which  oiin  otdy  aerTU  to 
disguiao  paoplo's  real  ignoraiico  fo>m  thoinselvue,  anu  to  make 
them  ouut«ntud  with  it. 

9.  Atokioitt  ou  Talihct  or  Atoms.^ — ChemiHtry  ban  now 
nndergone  a  complete  ri'volutinn,  and  one  of  the  leading 
feature!  of  tho  new  ajstom  is  the  idea  of  molecular  types,  due 
to  the  atoms  having  ililTorcnt  exchangeable  talucei     'lliere  wan 

st0  aid  opiaiou  that  matter  hod  no  roul  rxi«t«ucia,aud  that  atouia 
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w«re  Bunplf  cseotrat  of  form.  The  modem  tde*  ia.  that  tktmgh 
tho  atom  ie  ft  material  body,  it  ftcts  aa  a  centre  of  force,  and  t)uit 
the  fttons  of  diflbrontelemonte  differ  by  poesessiog  one,  twi>,  or 
mere  snob  centne,  or  foci  of  intiaeno(\  IIcikm)  tiie  elemeDte  are 
dasaified  aa  mooadii,  monatoniio  or  univalent,  haviog  only  one 
attTactioo,  snob  a«  hydro^n,  cfaIorini>,  &c. ;  dyads,  uatoniio  or 
tHva]«at,  hnTing  two  nttiacttona,  aa  Rnlphnr,  or  oxygen ;  triads, 
triatomie  or  tcmli^it,  with  throe  attmotienB.  as  nitrof^u ; 
tetrads,  tetntomio  or  qnodtivulunt,  haviDK  four  at'ractioni,  aa 
oarbon,  and  no  on ;  tJiU  diriittvn  being  mainly  ImbmI  upon  the 
f^ttre  TotuBKUi  o<H;a|itMl,  in  the  gaitoona  atate,  by  the  weights 
aooeptoJ  R»  oODKti luting  tlitf  utoin  iif  each  otcmont. 

The  words  atotnivity  uod  valoucy  are  frcKinvntly  need  as 
aynonynwus,  but  there  ia  a  Ivudonuy  &>  etlni;li  tbo  fir»t  tonu 
more  to  tbe  theoretical  esplauatiun  of  tliv  nuttirv  of  tlie  atom, 
whilo  valenoy  espreswa  Out  fact  that  atoms  of  the  weights  now 
aowpttHi,  do  in  oombinatioa  or  aubatitution  replaoe  i,  2,  3,  or  4 
atoinN  of  hydrogeu.  This  involves  no  tlMory,  and  wliunovor  I 
niH]  ibu  word  ▼uvucy  it  mast  be  nuderatood  as  exjiressiiig  this 
loot,  ntiier  than  the  eiplauutiun  which  follows. 

10.  It  is  conceived  tJi^t  the  atoms  of  whieh  matter  ia  built  up 
are  nut  in  absolnto  contact,  bat  an  separated  by  spaoea  (cud- 
taining  ether)  in  which  they  moye  freely  nnder  the  several 
iDceea  to  which  thoy  are  exposed,  these  motions  repladiig  in 
modem  theoiy  tho  atmiMpheres  of  foroos  or  Huids  which  ose<l  to 
be  believed  in.  The  atoms  arc  held  together  by  tUi^  attracliuQ 
or  force  which  wo  call  affinify,  oxortod  seroas  these  interveniug 
upaoee,  through  th«  agonoy  of  tho  other. 

In  any  act  of  oombination  or  deoompoaitien,  nothing  leas  than 
ono  atom  of  any  «nbstanoo  umoeiDod  can  take  nart  or  undergo  a 
obaogD  of  its  relation  to  othnr  anlialunaM,  but  tncao  relations  are 
govomod  by  tli«  niimliur  uf  ikttntctiuna  proper  to  itself.  Thus 
an  atom  of  hyilrognn  (i)  can  only  ooBtbinfl  with  one  atom  of 
chliirino  (i)  tu  conHtitute  hydroohlorio  aoid;  two  atoms  of 
hydrogen  (r)  uuitu  with  one  of  oi^gen  (a)  to  fonu  water; 
&TW  atoms  of  hyilmK^-n  with  one  of  mttogou  (})  form  amraoiiia  ; 
Mid  four  with  one  of  carl-on  (a)  make  inatah  gas,  tbeso  beii^ 
f<jur  of  thu  typioal  forms  to  whiob  obemioa!  conihinalloDS  are 
mlVtrred,  not  mervty  for  convenience,  but  beoanse  tbey  are  uU 
lioliL-d  actually  eiisling,  and  playing  important  parts  io  the 
ohttiiistry  of  nature,  and  alao  hecuusu  they  are  forms  whit^h 
would  result  from  the  soveral  atomicities,  if  thtse  really  exist, 
lu  all  Guaes,  however  many  atoms  unite  to  form  the  now  body, 
they  condense  into  the  one  nnit  or  molecular  volume. 

As  to  the  actual  shapes  of  the  atoms  wo  know  Qothiu^^  W\ 
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to  eiul>1«  Tcadfln  mnn  clearly  ta  real!B>>  the  theoty  Nt  befon 
tbenii  I  employ  dingrnTnn  in  wUit^U  tiiti  acvenil  atoms  are  re- 
preaeutcd  by  circloi  ooiitnmiiig  dots  to  mark  tboir  atomiuitiea, 

and  BuiToiindod  by  ao  other 
fliiole  to  mark  the  apace  whuih 
■epazfttei  them  mm  eaoh 
other,  and  in  whidi  they  move ; 
biit  it  tniiBt  ho  iindcratood  that 
tliuKo  iliiigriiniB  iiro  only  aids  to 
tho  imngi nation  ;  thuy  roprb- 
vont  id«iu,  but  by  no  luoanet  must  bo  taken  for  actual  niotuna 
of  the  thingit  lliey  may  aid  us  to  ooncoire.  W«  may  tlioreforo 
piolttro  Uio  variuua  oloaseti  of  aloma  aa  in  Fig.  1. 

II.  The  Molecdu:. — Fonnerly  the  words  atom  and  raolooulft 
vera  treated  aa  aliuoat  ayuouytaons,  but  the  rapid  growth  of 
modem  chemiatry  baa  retjuired  a  more  esact  definition  of  idoa«. 
though  even  yet,  as  to  oompounda,  the  word  molecule  is  uot 
nnfrequontly  iisod  where  atom  or  radical  would  be  more  ooireot. 
The  Btiict  moaning  of  the  word  now  is  tho  Emallost  quantity  of 
ABubetanco  which  is  capableof  separate  cxistcnco  as  a  free  body. 
With  this  meaning  tho  word  is  equally  fitted  for  use  in  chomist^ 
and  in  general  physics. 

It  is  thereforo  a  Ixxly  in  which  alt  the  attractions  or  valeudea 
are  aatiafiod,  Iciiving  tho  combined  atoms  to  act  as  a  whole  bom 
one  centre,  no  far  ah  such  forces  as  gravitation,  cohesion,  heat, 
ftc.,  aro  ooDOemud.  A  body  whose  nt<iniio  attractions  are  not 
thiia  satisfied,  tliough  it  In  complete  in  one  chomical  sense,  and 
lioa  a  Tval  existence,  yet  cannot  exist  by  itself ;  it  therefore  ie 
not  a  moleeulc,  but  a  compound  atom  or  rudioal,  because  in- 
divifliblu  without  uh!injj;(i  of  iiaturu ;  to  beuumo  a  niolccalo  it 
nuat  unite  with  au»thur  body  or  bodiea  aullloieut  to  satisfy  its 
tlti  actions. 

This  applies  equally  to  elementarjr  and  compound  bodict,  and 
therefore  every  molecule  moat  consist  of  at  least  two  atoms — 
distinot,  vet  united — and  acting  as  a  whole  on  surrounding 
bodies.  Uence  a  uiooe  of  copper  wire  is  not  built  up  of  atom% 
u  ia  Fig.  2,  but  too  atoms  are  coupled  together  first,  as  idoI»< 
oolee,  aa  in  Fig.  {. 

It  ia  evident  that  oa  regards  simple  elements,  two  atoms, 
whatever  tboir  atomicity,  can  form  a  moloctile  by  sBtisfying 
cooU  otlicr,  and  this  is  tbo  usual  form  of  elementary  moleenle ; 
but  there  aro  somo  of  whioh  tho  molooulo  may  probably  contain 
Mreml  atoms,  and  otlicrs,  such  as  cnrbon  and  phosphorus, 
irhicb  exiat  in  sovurol  conditions,  or  oUotropio  stales,  the  cause 
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of  wKiolt  may  be,  thai  tke  molecnleB  ha  tbcM  difforont  bUIm 
ctmtain  different  samb«n(  uf  atonis  uul  iliffitrent  energic*. 
Tfaw  liut  word  marks  the  dutiuinivu  hotwixa  Uio  cfavniiatTy 


of  the  post  and  that  of  the  growing  fatnnx  Until  lately, 
ohamiBti  only  took  acoount  of  tbo  material  atomi  and  tho'ir 
ftmutgomcDL  Now  they  Iw^n  to  n>oogDi«o  that  th«  atoms  and 
iiu4Mnlcs  have  another  oonKtitueat  boKtdt.<«  matter ;  that  emrgy, 
stored  ^obaUy  aa  internal  motion,  ia  equally  real  and  imptv- 
tant.  Henoe  tbermo-ohemlatry  ia  becoiDiog  an  important  and 
enential  Kubject  of  sttidy. 

13.  UoLGCOLAS  Ttpbs. — When  dlOerent  «leinenta  onter  into 
ComUnatioD,  the  nnmber  of  atoms  foruuug  the  moleoale  wiU 
depend  oa  the  mlative  Talencim  of  tho  several  atoms,  and  henoe 
we  arrive  at  certain  typical  furaiB  or  molecular  skeletons,  to 
which  all  ooiapooud  bodJM  are  nilatod.  A  univalent  atom  oan 
only  join  a  singto  nnivnk&t  atom,  and  this  famishes  the  linrt 
type,  Fig.  4.  ucro  tho  two  atoms,  t  and  1,  in  moleoul*  A,  uiay 
be  both  aydrocoo  H'  H' ;  or  butli  chlorine,  CV  CI',  forming  the 
free  molooulo  of  hyilnwcn  or  dilurino ;  if  1  is  hydrogen  aud  1 
chlorine  (vfi  hiiTo  H'  CI ,  the  moluRulo  of  free  byoroduorio  aoid ; 
and  if  wo  aulmtituto  sodinm  fL>r  thu  hydrogen  in  this,  we  have 
Ka'  01'  the  moleoole  of  oommou  salt,  And  if  wo  now  snbelitute 
iodine  for  the  oMorine  we  have  Na'  1'  iudide  of  sodinm.  Fig.  4, 
A,  in  fiict,  shows  a  moleoolar  frame,  which  wo  may  fill  np  at 
plcasnn  with  nnivaleot  svbstanoea 
without  dijcitroying  the  molecular  Fia.  A. 

oonstitutiou. 

The  moleoalar  eqailibrinm  will 
oot  even  be  dostroyod  if  wo  sub- 
stitute a  oompound  atom  or  nidic«l 
for  eitber  or  Doth  of  these  atorao ; 
thus,  returning  to  the  aodiuui  Iodide,  the  iodine  may  be 
r^lsoed  tnr  cyanogen  Cy'  (whi<:!i  beiu^  C"  N'"  has  one  altrao- 
tion  noMtuBed)  produang  WKlium  cyunido  Na'  Cy*,  and  then 
finally  the  aodium  may  be  oxctuuged  for  the  munatoniio  radical 
of  (doohol,  ethyl  C,U^  to  fonu  oyuuide  of  ethyl.  I  have  goiw 
somowiiat  fully  into  ihbi  ty)>u,  in  oider  to  ^va  the  general 
irinci['lu  appliuiblo  to  all — vie  that  any  typical  atom  in  an; 
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aaoitmla  may  be  replAoed  by  asotbcr  ntom  of  limilai  valetiej, 
imbJnit  altering  tbe  smngouient  of  Ui«  molocule.  and  in  m> 
doing  its  fih«mioal  propcrliiHi  will  only  bv  gradunlly  aflootad, 
aoootdiiig  to  the  propertieii  of  Uio  Hubxtitutoil  atoms,  without 
oliaufruiK  its  rc'latiotie  to  electrical  foroe. 

Muleculu  II,  in  Fif;-  4>  is  iiitcnded  to  abow  tbnt  the  sacao  type 
iuoliidcB  boilios  of  hit;iier  valency,  wlicro  only  two  atoma  of 
equal  valeucy,  oacb  eatiafyiiig  tbu  otbur,  an  oontaincd  in  the 
molecule;  so  that  thU  type  iiicludi'S  the  uoIccuIoh  of  the 
elomeoti^,  stid  of  many  radicals  in  tJic  f^e  form,  though  A, 
Fig.  4,  i»  that  which  is  called  tho  h.vdrucJiloric  add  tyjio. 

The  nest  ia  tho  ^VATtll  Tvrit  jifo  or  H/),  in  which  one 

bivalent  atom  unites  with  two  imiTalotjt  atoms,  Fig.  5. 

]l«re.  aain  tho  first  and  in  all  other  molecular  forms,  each  atom 
is  capable  of  being  eicbaiiged  for  any  other  of  etgual  value:  thua, 
the  hydrogen  atom  1  may  be  replaced  by  potass iuni,  and  wo  havo 

jj.l  0"  hydrate  of  potash ;  again,  3  may  be  HimiUrly  roplaoed, 

K') 
giving  |..[  0"  or  E,0,  potawium  oxide ;  or  instead  of  the  hydro- 
gen, tbu  oxygen  ati.>m  j  may  be  exchanged  for  another  biTalent 
atom,  aa  sulphur  giving  „,  \  S"  or  H,S,  sulphurvttcd  hydrogen. 

Two  ideal  forms  of  tbia  molecule  are  given.  becaOEe  u«{thor 
will  convey  tho  whole  truth ;  for  wo  may  oonoeive  that  both  Uio 
hyilriigi.'ti  iitoma  are  ctjuaUy  hold  to  tho  oxygon  in  water,  whieh 
is  tho  f<iini  A,  ur  ono  of  them  may  l<o  hold  more  atrouply  Ihaii 
tho  utbi;r,  Tbore  ia  ;Ki>od  reas^jn  to  KuppoHo  that  tho  latter  ia 
tho  case  ill  oidiuary  circumatancos,  atid  ttint  atom  1  of  the  U  ia 

more  clu^t^ly  united  than  1  to  the 
j-jo.  fl.  Oi  thiit  IIU  first  form  a  univalent 

radical    known    as    liyitriixyl,     to 
B  which  tbe  eecoud  utum  of  Lydriigen 

y^i      i      iX     ia  united.    A  strung  sujipor't  to  this 

(  ^^^!^'©)    '^^  **  found  in  wbnl  «o  called 
V  y    isomeric  bodies,  oontaining  oxoctly 

tbe  aaine  elementa  in  the  vamo 
proportions,  yet  having  aumewhat 
diflcTont  propertlca.  It  ia  evident  that  in  Fig.  f  U  tlicre  would 
bu  a  diiToreiioG  according  as  atom  1  or  3  was  replaced  by  anotliur 
clemuut.  StiU,  Fig.  5  A  is  also  true,  for  lioth  t  and  2  may  bo 
n-moved  together  and  replaced  by  a  siiiKle  bivalent  atom,  in 
whieb  case,  iioweror,  we  shoald  oonudcr  the  type  was  changed 
tp  that  oFTig.  4  It. 
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Tliis  cai)Acity  for  cliwif^  of  tjrpo  is  impoTtent  to  trnderaiaiid, 
because  it  oxpUiiu  the  diflpront  formaln  eivea  for  the  sama 
■nlMitHtK*.  Ucler  dilfvix'iit  trentmont,  eithor  by  beat,  fileo- 
tricity,  or  chemiotl  action,  tlw  aamo  enbstanw  will  break  vp 
in  flifTcrect  mi^tinont,  jiwt  on  *  cr]firtal  may  be  btxiken  ftlong 
(liflVrvnt  lini-«  of  cleavage.  Umlor  Htv  influence  of  an  electric 
cornDt  tl>i.Tu  IN  good  reooon  to  «ii[i]>cwo  that  tlM  molocnle, 
Fii;.  5.  talc(«  thfi  form  A.  the  nUntm  1  and  3  raning  b>  one 
polii,  an>l  ntom  3  to  the  other  pulu,  while  nniler  the  nction 
of  iNitiuaiun)  it  act«  as  B,  parting;  with  only  one  attnu  of  11. 

ij.  It  bi  not  neceflsarjr  to  ^o  further  into  the  snbjvct  of  tlie 
ty|Hii  of  mdecalar  oonstraoUon  until  the  action  of  Uie  eleotrU} 
Gtirmnt  in  eleotroljstB  has  to  be  Cunsid«re^  ;  at  pK««ut  tli«  main 
ihiuf  is  to  obtain  a  dear  conMptiun  of  molecutts  is  tLu  ultiniate 
parlicU'S  of  matter  in  all  ibt  ordinary  forma ;  ae  the  brickn,  so  to 
PfKiak,  with  which  the  siilMbincos  known  to  na  are  constructed 
on  rognUr  systems  of  architectara,aiwl  to  coraprcli«nd  that  they 
have  a  oajwoitr  of  wporating  into  at  loiut  two  jwrta,  which  are 
bt-M  toeeibor  igr  a  ntntnitl  ailriK'tixii. 

It  wQl  bo  MKCn  tliat  tlivro  are  thus  two  oUtuc*  of  molo- 
cnles— 

(1)  XoUeiilft,  wAtVA  cr«  hIm  alcmi,  being  indivinblo  without 
ebiuge.  as  wator,  and  all  nits  and  adds.  These  tnolcculce  are 
hebl  together  by  hiich  afliaiticB,  varyitig  in  each  case,  and 
minire  oonsidnntblo  n>roo  for  their  dooomjmsilion. 

(•'>  MtimltM  /ormeJ  of  tit«  rimilar  alnmt  or  radicals,  held 
I  '  ih«r  tiy  tlKtir  tinii»tiKfi<nl  attractive  foci,  hot  hj  a  fcoblo 
■iljuiiy;  tb'a^  are  oa[ialilo  of  divinion  into  two  HimllBr  jinrt*. 
and  that  by  a  small  ex|>enditure  of  force.  This  in  the  atjito  in 
wbirli  f  xiHt.  as  free  budica,  the  elements  and  tluxe  compound 
Xftilli-nU  (iini.-h  as  cyanogen)  which  have  many  of  the  prupcrtte« 
af  •haoenla^  though  known  to  be  oompounda. 

t4<  Vo  iw^  concL'ire  the  moleoole  as  representing,  on  the 
Infinltt^ly  small  scale,  the  solar  system  itself,  which  in  bnilt  up  of 
■BVcntI  systema  or  parts,  each  cumplelo  iu  ilMtlf,  yet  all  linlced 
til  riM'h  (rtber  and  firming  n  balanced  whole  :  thus  Mvronry  and 
VMitiR  Mand  OS  ningle  atoms,  the  earth,  Jupitor,  and  Saturn, 
y  T  moon*,  niM-nililo  the  compoantl  atoms  or  railicnU 

c>  of  Kovtirul  dii>tiiivt  atoms  to  anitcd  as  to  play  th<.<  part 

of  ■  Kiu^l"  atom  iti  the  mighty  molecnlo,  which  af^in  frirms  but 
ail  ';i:l:ri<<'Hiautl  part  of  the  complete  univerHc,  bold  vritliin  it  by 
r  lug  octOM  infinittt  spaoci,  as  our  laolixulos  aiu  united 

i;  '  I't  Kubataooea  by  the  fcrces  of  oohpsion.  Sea. 

15.  Ih-i'iiitt  iMTlng  the  subject  of  the  conntruolion  of  ooni- 
pouad  boalice,  ooe  gmeTul  priudi'le   mutt  be   ladkattt^,  1il>A 
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onl^  beoanee  of  it«  grekt  f^nend  imnoitonoe,  but  bMfciiBe  It  is  tha 
foiiniUtioii  of  the  whole  theory  worlied  ont  t&  this  book. 

Tito  atoiDB  of  each  elemeot,  having  eooh  their  definite  durgo 
of  ^atrfy,  probably  in  the  form  of  motion,  when  united  m  » 
molecule  must  bo  oonnHvcd  as  giving  up  a  part  of  their  ituM- 
vidual  energy  or  motion,  to  oonatitute  that  belonging  to  th» 
parlnonhip.  In  this  now  arrangenicnt  thoro  appeals  to  be  a 
diffoienco  sot  np  botwoon  what  in  tho  oaee  of  ^ementa  were 
two  similar  atoms.  Thif>  ilifloreiioe  is  theoretically  oxptaiued  in 
variona  modes :  it  in  mppoNM  that  ono  jKnaesaoa  a  chai^  of  the 
imaginary  pomtivo  electric  fluid,  and  the  other  of  tho  negatire, 
and  the  mutual  attraction  of  these  ohargee  boldji  tho  moteoola 
together ;  uthers  snppoae  that  one  atom  gets  a  special  chai^  of 
the  hypothetical  ether. 

Bi>  the  L-iiuee  what  it  may,  we  ha^■e  the  fact  that  tbero  ■ 
sonicthiug  in  tlie  luoleoule  which  enables  it  to  manifest  diflorent 
actions  fiuiu  its  two  ooiistitnents,  whether  these  are  simitar 
atoms  or  dtfTereut  elements ;  molecules  under  certain  oondittona 
do  nmnifeMt  attractions  ooiresponding  to  the  N  and  S  polw  of 
magnets,  or  to  -f-  ^^d  —  charges  of  electricity,  and  as  a  oo^H 
qnenoe  they  possess  tho  faculty  of  arranging  tbemselvet  ^^^| 
serial  or  polar  order,  which  ia  therefore  called  p<]tarwiitioR,A^1 
vhldi  oonstitutos  a  material  chain,  throngh  miioh  energy  is 
oui>tthle  of  traDemisBion.  In  this  state  tne  atomic  enoi^gies 
react  partially  upon  thoir  neighbours  in  the  polar  chain,  and 
under  the  influence  of  au  ap]iliod  force  the  molecules  can  hrcak 
up,  and  the  adjoining  atoms,  eschsnginj^  partners, unit u  to  form 
new  uioleoulea ;  the  diagrams  show  tno«o  Actions,  the  upper 
brackets  i«pri«enling  the  originnl  order,  snd  tho  lower  ouea  the 
new  formation : — 


H 1 !--  +  -  + -or  NSNSN8N8. 


This  Ulustratee  the  action  in  electrolysis  or  eleotro-cbemtstry, 
where  at  eaob  end  of  the  chain  one  element  of  tho  molocsle  u 
Kt  fioe. 

i&  Notation, — The  varions  chomioal  facts  and  reactions  an 
oondsoly  expressed  in  symbgls,  which  ^cnt^mlly  are  tho  first 
letterof  tho  name  of  tho  element  in  Bnglihh  orLntin:  oocliauoh 
Bymbol  stands  fyt  t  atom  of  the  element,  luuUipliod  when  nocee- 
Bary  by  a  smaller  flguie  following  it  a  little  1>elow  the  line :  all 
reontions  are  expressed  by  fint  writing  in  symbols  tlio  oon- 
Btruction  of  tho  subetanoea  set  to  act  npou  each  other,  divided 
by  +  from  tho  avbatancee  produced,  and  the  two  Hhould 
exactly  roprusent  the  total  atoms  engaged.    There  arc   uiuojr 
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_    of  ozTiratidiig  tbe  Mme  bodies  in  different  formutiD 
ling  to  tlw  iiwaft]  tJieoiy  of  iwiwtitiitiiiti  wlojited,  ur  tlio 
nW  Ti«w  of  the  matter  intunilcd  to  bo  doacribfrd :  uid 
Umto  ki*  two  diatiiKit  ^toms  in  vim. 

(i)  Tie  SnifMlMl.— This  mtem,  used  in  nil  tke  <Jd  boolu, 
ia  boMcd  TCftUj  on  ox;ffreD  (wfaioh  wm  c*Ued  too),  and  the 
weigfat  of  hfdiof^n  wliicli  coiabiDed  with  oxygan  boiag  odlsd 
I,  t£e  eqaiTU«at«  of  oth«r  eubatanoM  were  Kfterwarda  nokoned 
(JramthiB.  Heiio«w»teriB  in  this  syMeia  called  HO  (i  +i  s  9). 
(a)  TluAUmie. — This,  which  is  oaJled  the  "  New  Notation," 
k  geoenllj  adopted  in  the  modem  chemiotl  books.    It  bt  band 
00  the  fact  that  wkt«r  ooDbuiu  two  nmaun'*  of  hydrogen  to  on« 
of  oxygen,  u>d  thta  being  oonccived  to  show  the  atoniio  rela- 
tions. Mmter  booomM  HiO ;  H  Uing  stiU  called  1  aa  to  weight, it 
I  bMonae  neooMary  to  otJl  0  =  16,  and  in  oonaoqnenoe  moat  of 
I  the  meta]a  huve  tbeir  w«i^ta  nmilarhr  doutlvd  as  compared 
with   the  C|uiTiilont  DotatHm,  while  too  namlwr  of  atoms  of 
^kw  whK!h  are  nnohanged  (the  uaivaltiDt  eU-iaoiiU)  have  to  bo 
^bbltn].    The  folIowiiiK  exampJe  of  the  action  of  sulpbuiio  a«id 
ff^n  nitrate  of  soda  exMbile  the  two  ayatema  ^ 


Hjuititleni. 

SalL  AtlJ.  Sill.  Mi. 

Ka  NO,  +  H  8O4  -  Na  SO,  +  U  NO, 
]}  6t  I    48         3}   4S  I     63 

Alomie. 


i'Sm  NOj+  H,  SO, 
2}   6s        a   96 


Na,  SO,  +  J  HUO, 
46   96  I    62 
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ita  ine*n8  that  the  nitrate  of  soda  on  b<iing  u)ix(<d  with 
nhibario  arid  deoomfHMca  into  mlpbate  of  soda  and  nitrio  ncid. 
The  eqnirnloDt  syatetn  k  really  the  best  for  i-W'trieal  »ur- 
ecaea,  and  is  rwlained  by  many  of  the  best  Fn^tiuli  olx^nDsts ; 
Mt  aa  the  atomio  noutiun  is  now  univenally  adopti-tl  by  EnRlinh 
ehemiste  and  writers,  tt  is  ueooaaary  to  use  it,  to  avoid  ooufoMon 
and  mirondontanding  by  readere. 

1^.  Poitci.— Until  Kooatly  the  words  foroe  and  energy  wen 
naad  imlifforunUy  in  the  aeoiBe  of  power ;  but  tboy  hfo  now 
differentiated,  und/oTOS  expr«awa  cansea,  while  enrr^if  oxproMos 
*ork.  and  oapadty  for  work.  But  thero  are  two  use*  of  tho 
wofd  "  (broe  :  gravitation  and  all  fonus  of  attrnction  may  bo 
nardod  aa  toiooB  of  uaturo,  and  heat,  vioctricity,  tto.,  are  oalled 
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fnroea ;  but  aoconling  to  the  moiloni  ideoa  "  foroa  "  covers  any 
aeenoj  wliioh  oau  ffeuerste  n  motion,  or  arrcHt  or  chnago  its 
direotioa ;  and  is  deflned  sh  the  guuorator  uf  "  iDomuntnm " 
wliicli  iiicludea  uasa  as  well  sa  vialouity,  and  this  lU^fiRition 
etiaM«B  ua  to  express  the  "energy"  invdlvt-il  in  aiiv  uution  ia 
t«nmi  of  nnit  force  adeqoata  to  the  production  of  tnat  eoorgy. 
Wo  may  regard  force  therefore  aa — 

I.  Kelated  to  mechanical  energy,  or  motioD  of  mattur  «s  Kttch, 
which,  like  (gravitation,  is  connected  with  the  abaoluto  weight 
of  matter  in  moUoUi 

II.  Force  related  to  tlie  atom  of  matter.  Heat  does  not  act 
on  matter  by  weight  ur  by  hulk,  but  atom  by  atom.  The  atom 
ot  iron  weighs  BB  much  as  (6  atoms  of  hydrogen,  copper  ^J'J, 
silver  i08,  gold  n)7.  If  theso  relative  weights  of  the  serenl 
substance-^  (being  noiids)  are  lieatod  to  the  same  temperature, 
and  each  tmuEfc-rri'd  to  an  apparatus  capablo  of  measuring  tliu 
heat  absurhod,  it  will  bo  found  that,  different  us  arc  tlie  iinau- 
titles  of  matter,  all  have  absorbed  Thu  same  quantity  of  heat. 
Of  oooise  the  exporimcnt  is  so  delicate  that  perfectly  exact 
resalts  cannot  Iw  obtained,  and  certain  correctioim  havo  to  be 
made;  Init  the  dtxiuction  is  certain,  tJiat  heat  acts  upon  matter 
in  ita  several  physical  states,  not  according  to  its  weight,  bat 
acwT^ug  to  iJie  nuiiilicr  of  atoms  it  contains. 

Tlie  rulution  of  oumpouud  (•tibst^mccs  to  huat  is  not  So  mmnio 
as  tlutt  uf  eieuentd,  thutigb  still  a  distinct  law  i«  tnicoablo 
throughout ;  each  moluunliir  form  has  ita  own  relation  lo  heat, 
wbieh  is  due  to  tliu  uuiulxtt  uf  atoms  it  contains,  and  their 
titatt!  uf  oombinaljon. 

III.  Furoerelatedto  the noIci^uJs  of  matter:  such  are  the  forcea 
of  olfctrioity  and  magnettaui  which  depend  ou  the  motions  and 
polarity  of  the  moleoulea.  Heat  also  is  related  to  the  molo' 
tinlu  in  connection  with  internal  work,  such  as  expanwon  anil 
thd  latent  heat  of  fluidity ;  tiiat  is  to  say,  there  is  a  motion 
uf  tlie  molecule  as  a  whole,  as  well  as  a  motion  of  the  atmu 
witliin  the  molecule.  Ilcnco  vrc  learn  that  in  the  gaSfl^H 
state,  under  the  same  conditions  of  f>:>rco,  all  molecules,  whe^^| 
simplo  or  complex,  occupy  the  samo  space,  so  that  heat  ^H 
pressure  produce  the  same  amount  of  oKpansion  or  oontraonlV 
upon  all,  proving  that  the  force  is  acting  upon  tho  molecule  as 
u  whole,  not  upon  its  component  ntoms,  Keoont  discoveries 
appear,  however,  to  limit  this  to  a  niodcrale  rango  of  tempera- 
tures, and  indicate  that  the  law  of  Dulong  ana  Petit  is  not 
a  general  but  only  a  partial  truth. 

IV.  Force  n.-hted  to  tho  oilier.  This  inolndw  tight,  and 
other  forces  issuing  from  tho  sun. 
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Thia  oliwifioaliop  ia  6ii;;so«tiv«,  u  lliruwiutc  lig'tt  on  many 
•liBOBra  mtgwiB,  eepcciiilly  wheo  oombiuoil  with  tliu  now  to- 
ODenised  fact  that  kll  tlie  f»ioes  aro  cii|iabl«  of  trauBfonnittioD 
itiKi  vach  uth^r ;  it  ooables  as  to  couoeive  that  if  the  tuiiluU- 
tMW»  of  tbo  other  {trodacv  the  eSeot  whicli  we  call  liffht,  tJtuM 
Maw  andnUtioiM,  whoo  trauafened  to  the  mstOTiAl  at<»ie  Softt- 
isK,  M  it  wor«^  in  th«  ether,  produce  the  effBot  wo  call  bc«t ; 
•ad  thu  wa  me,y  sppndbend  the  roaaou  why  heat  and  light  are 
to  oonstantlv  cooxutont  and  Beemin^ly  idonticnl  in  nature; 
H  klao  expUiDK  bow  it  is  that  while  the  sun  transmits  us  sad) 
ft  oooatant  mpply  »f  hoat  na  vnM  as  light,  yot  to  all  appoaruooe 
tba  ipaeo  hutwot-n  tim  snn  an<]  us  is  doT«ri(l  of  heat;  tJiO  sim 
tnaaoiitting  pttn  energy  thn>iigh  tin)  i,<tht:r,  which  wwuiaM 
the  form  uf  force  suiulito  tu  the  vlijouta  which  abaorLi  it,  or  the 
arguM  ooostnict^d  tu  j>«roetv«  it. 

16.  tbiKur. — The  idi-a  oonvoj-ed  by  thb  term  is  retdoduK 
Bnany  of  the  old  fluids,  and  futictiuim  of  the  ether :  it  is  aiffloiiU 
to  deSiie,  because  such  a  name  oouvejra  the  idea  of  some  aottia] 
•SwteiHS^  ae  do  the  wenU  light,  heat,  eloclricity,  &a.  I3ut  tboeo 
■re  now  seea  tu  bo  not  things,  bat  actions,  and  etior^  is  Uiero- 
five  ft  word  which  ispnMHfl  the  genenl  agency  of  wnich  those 
ne  bat  forma.  Energy  19  really  motion,  or  the  cnpooity  to  pass 
into  motion.  Aclnal  motion,  whether  mechanical  or  as  tempoia- 
tan  or  eooaibio  heat,  itv.,  is  called  iinctit.  Tbo  capacity  to  jiaBS 
Jato  iDOtioo.  as  whore  energyis  stored  in  a  sUiiiiioil  spring,  or  in 
cfaeBiioal  deoonipasitioii  or  what  usod  to  bo  callod  "  lutont  hrat," 
is  oalUd  potmtiM.  The  dootrino  of  the  "  oon««rvatiou  of  unorgy." 
which  baa  played  k>  imfMrtant  a  |)art  in  modom  adcnoo,  tMOMs 
Uiftt  "  imuxfj "  is  as  uidcstruoUhlo  and  as  ImpMisiblo  to  bo 
eraalMl  as  is  "matt<>r":  that  a«  la  the  various  itotiims  which 
losftr  mailer  is  noitbcr  creal«d  nor  dostroyod,  but  only  ihungos 
its  oonnbitiati'jna  and  forms,  so  emoi^  (dorivvd  from  the  tiun)  is 
stored  dp  iu  ufiedio);  the  reduction  of  water  and  caibouiu  aoid 
to  form  wood  or  coal ;  remains  "  pot«ntial,"  and  ree^iNiure  in 
oumbuatiou  "kinetio"  aa  heat,  and  paaaee  by  the  aid  of  the 
■team  engine  into  aeahftnioftl  work ;  all  of  these  being  forms 
of  energy  ha^-ing  meantrable  relations  to  each  other.  This  is  iu 
fikot  the  oouiitcrpurt  of  th«  doctrine  of  the  co-relation  of  ihe 
fbrccft.  Enert;y  thus  i>  the  rixiull  and  the  mcoenro  of  the  action 
of  force.  In  this  enlarged  view  of  foroo  and  energy  wo  li  nd  the 
oudcrlying  truth  whic£  justified  an  old  and  apparently  iitian- 
doned  theory,  for  in  modem  eoienoe,  enerffs  or  inWrual  inuttOD 
it  gradually  aaeuming  the  poeition  of  phlogiston  in  tluj  old 
.dmaiistry. 

jji  SuKTsxTTT. — 71ic  nriooB  Uieoriee  of  UiB  natuio  Ot  liWj 
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tricity  are  explained  in  their  proper  pUoes.  Here  it  will 
anlfioe  to  My,  that  «!«>ctricity  is  not  a  thing,  but  only  a  word, 
gronping  togotber  natural  facta  and  ideas  &a  to  their  cansa,  MM 
that  a  great  error  is  comnioulv  committed,  even  by  eminent 
adeotific  men,  by  confimng  diHtinot  things  uuder  this  ono 
Dame ;  wo  npoak  of  torroDts  of  otoctricity  poured  forth  from  the 
thtindor  cJond,  and  from  tho  dynamo  machine,  we  might 
tui  woll  daw  oil  tho  work  done  by  hydraolio  mncbiDory,  and 
tho  phonoRientt  of  tb«  oa'an,  under  tho  nanui  of  *'wat«r.* 
Elootiicity  compriBes  phenomena  of  two  diKtinct  nrdon,  thoM 
cf  eleotrio  <jtiantity,  and  of  olectrio  force ;  it  in  tiie  fimt  of  th«aa 
only  to  which  the  uuiiio  eloctriulty  properly  lielongs,  as  earn- 
parc^d  to  a  thing,  a  fluid ;  aa  a  matter  or  vrell'known  fact  eleo- 
tiio  quantity  is  very  aniall  in  th&  lightning  flaah.  Tho  light- 
ning ia  simply  a  case  in  wliioh  an  enormous  amount  of  energy 
ia  charged  upon  a  small  elevtric  quantity.  This ''quantity 
is  related  to  the  molecular  constitulion  of  matter,  as  is  mani- 
fested in  chemical  actions.  Wo  may  find  a  very  perfect  analogy 
in  hydraulic  works,  vrhero  etiergy  is  tcaoamittcd  and  work  d4nw 
through  tho  agency  of  water  in  pipoB.  Bloctrio  "nuantity" 
may  he  compared  to  bnlk  of  water  traUBmitted,  whilo  eleotrio 
*'  force"  resembles  tho  proEsuro  put  upon  the  water,  m  will  b» 
eoen  hereaft«r. 

10.  Acoonling  to  the  theory  adopted  in  these  )>agD«,  o1«> 
tricity  is  not  material  or  a  q nasi- mat erial  fluid ;  nor  is  it  a 
special  forco,  or  enorsy:  much  argnuent  haa  I)een  used  bj 
partisana  of  each  of  those  views,  to  prove  the  other  erroneoDS, 
and  both  aidba  are  quite  successful  in  tho  effort.  Bnt  unite  Iha 
two,  and  wo  liave  a  clear  truth.  It  is  energy  charged  in  a 
ajieoial  luunuer  upon  ordinary  matter,  and  developing  speoial 
relations  auomg  its  laoleculea.  Since  the  first  edition  of  thts 
work  waa  pabliabed,  this  view  baa  gained  muoh  ground,  and 
many  thing*  which  then  were  regarded  as  heresies,  are  lt«w 
generally  adopted  as  true  scientific  principles. 

2 1  ■  We  not  nncommonly  hear  of  tdo  "  convorgion  vf  electricity 
into  light,  beat,  or  mechanical  energy."  'I'his  ie  uu  error,  due 
to  tho  confusion  of  the  two  fitdtors  of  electricity.  Elcjctricity 
calls  for  two  (li»<tinct  «xpreeaona.  Q,  and  Q'.  The  firt»t  is  that 
which  the  old  theories  oonsidered  to  be  mnterinl  or  analogooa 
to  matter,  ond  rcproRontod  to  the  mind  by  the  expression 
"imponderable  flnia,"  but  which  the  new  theory  considers  to 
bo  numencal,  the  oction  of  dofinito  material  (^uantitiea  or  molo- 
onlea.  This,  which  is  properly  tho  "electricity,"  oon  no  man 
be  converted  into  heat  or  an}^ing  oUo,  than  con  tho  wator  In 
«  »teaia  boiler  or  bydranlio  engine.     TViu  wcuuvA,  ^  \a  thtt 
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olootrio  flDomr,  tbtt  tni«  catuo  of  electrics]  pbemoraatMi.  and 
ouQvmtibla  mto  buftt  uid  irOTk.  beoanso  it  uiswcia  exaotly  to 
tiw  BKobuniad  vior^  (kin  convortiblo)  curried  by  (he  water 
M  iteMa  btda  a  boilur,  ur  uaita  pronnn  in  tlte  hydraulio 
wgine. 

13.  Bnt  wbi]e  acionlifie  m«&  nro  faitt  ooiuing  to  this  view  of 
rieotridty,  and  it  it  ver/  commonly  eiii|iIuy«Hi,  morn  particuUrljr 
in  ooDaeotioQ  with  dvtiamio  elecUicity  or  gialTanism,  ittll  tb« 
o«w  tbeory  is  mrely  fully  set  forth  and  rabatiltited  for  tb«  old 
fluid  iheoriea,  aad  Uierefore  it  ia  very  diffiralt  for  Btndt^uts  to 
obtain  that  clear  view  of  the  eubjoct  which  Ia  desirable, 
especially  as  all  th«  older  terma  of  the  eoionoe  wcro  dovieed  ia 
oonnactloo  wiih  the  old  theories,  and  are  exceedingly  ill-fitted 
to  ooDTey  the  new  ooa  without  producing  much  oonlusion  of 
ideu^ 

This  work  in  it«  original  form  was  intooded  to  meet  thii 
raqn^mDOOt,  and  tho  plan  adciptvd  baa  boon  to  oomnifince  with 
a  nw  leading  hcU  and  principles,  then  deaoribo  the  vnrioiu 
toaoM  of  iiiatrumenta  nocecMiy  to  examine  the  octious  of  the 
foroB)  and  by  their  aid  trace  out  the  general  laws  and  fnnda- 
mental  princinlea  of  the  scienoe,  after  whiofa  the  Bp]>UoatioiiB 
of  the  toroe,  tM  nature  of  which  has  been  thns  eiaiuued,  will 
beoomo  far  more  intelliglUe  than  by  piling  np  iac^ated  foots,  or 
dMcribing  m«re  pruoMses,  however  praotiMlly  valnablei 

To  do  Uiiti  iu  a  )ierfe«Uy  methodical  manner  is  always  mora 
difficult  in  a  uutural  soMuoa  than  iu  niuthematical  ctadiee, 
beoavae  it  ia  impcesible  to  undeTBtand  the  nioiit  elementary-  facta 
without  a  oouBiderable  acquaintance  with  the  sobjeot ;  and.  on 
the  other  hand,  to  lay  a  wide  foundation  in  clemt^lary  facts 
before  dealing  with  their  theory  would  not  fultil  the  purpoeo  of 
both  loading  the  beginner  in  tho  best  conrse,  and  shoning  tho 
more  advanced  bow  to  adopt  the  now  int<-Tprotatiotii!i  and  to 
firee  themaelTea  from  the  mental  confuaion  priMluced  hy  the  old 
theorioa.  while  at  tho  name  time  fumiahing  the  pnuitioal  man 
with  tho  intorx>retattOD  of  the  proccwvs  hu  empluyn. 
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BTAnC  OR  IWCTIONAI.  XLBCTIUOITT. 

]}.  It  JB  now  gftDftrnlly  adniittcd  that  motion  ia  cOQTertible 
into  hoat,  nod  tbu  (tlTuct  of  friction  ia  a  fnmiliiir  illuittmtion  of 
this.  If  wv  turn  ii  gnnilnUato,  it  riMiuin^  ii  curLun  foroo  to 
HtATi  it,  ftiiil  thta  Uiii  ox])cin<]itiiru  of  a  certnin  umoiint  of  energy 
to  kvop  it  in  motion,  to  uvurcomu  tlio  friiition  of  ibt  bonrioga 
nrid  tlio  air,  fttid  tbeu  ou  mncli  mgru  lut  is  n«<','ilvd  !<)  ovuroomo 
the  rouxtuioe  of  any  olijuot  wu  pruan  nKuicist  it.  If  w«  gut  tho 
iit»no  into  rapid  niotiou,  and  tu«n  owiso  to  work  at  it.  it  will 
run  ft  oertbiu  time  bofor«  etoppiujf ;  but  if  we  hold  against  it 
n  piooe  of  nl^el,  it  will  coma  to  rcat  in  less  time,  becauee  ita 
motnvntiiRi  in  absorlxfd  by  tho  frictit>n;  at  Ihe  saiDO  timo  tbo 
Btool  ttoootuea  hot,  and  if  thu  stone  is  dry.  we  see  a  fifaowor  of 
BpKrlu  fly  off,  vieibly  exhibiting  the  tiaDsformatiob  of  ib« 
on«rg7  of  motion  into  heat. 

But  if  wu  cover  the  edge  of  oar  pirindstooe  with  certain  sub- 
staticefl,  |i;uttaperchs  for  instance,  and  establish  oertaiu  othflT 
(.viuditions,  we  obtain  a  very  different  molt ;  instead  of 
we  develop  electricity.      When   wo   oak.  whence  dew 
electricity  cnino?  tho  doctrines  I  am  sotting  forth  t«ach 
it  is  lilcc  hi-at,  tho  rosnlt  of  the  oonvorsion  of  inochMiical  motion 
into  niotortilnr  motion — that  which  of  thcHO  foroea  we  obtain 
lb  pLtn<la  upon  the  oonditions  to  whi<!h  wc  i-xnoso  tho  molcciilos, 
and  fwrtlicr,  Uiat  as  soon  aa  wo  allow  tho  eleotricity  to  mal,  it 
cithiir  g^tiomtJMi  luiut,  as  wo  see  by  tlie  B]Mrk,  or  else  does  soma 
work  which  reprosenta  tho  heat. 

2.\.  I'his  derelopment  of  vli>otrioity  by  fri<Ttion  wns  o1«orvod 
in  early  dayn,  and  wo  doriT«  tho  nani<!  itiwlf  from  lieelren,  tbft 
tim^k  nauie  for  niulMr ;  tho  nubntunco  by  which  tho  pba> 
iK'iuciion  of  attraction  afl«r  friction  was  firwt  nianifwttd.  In 
littiTT  times  it  was  found  that  many  subxtanoi-K  posson  tU> 
property,  and  snob  were  oalk>d  "eleotrioit,"  and  tnow  bodica 
which  do  not  appear  to  pn&s<*s9  it,  •■  non-electrica."  The  difr 
Unction  is  more  apparent  tliau  re&l ;  for  under  certain  odD" 
ditions,  both  olASses  develop  electricity  nnd«r  friction,  tlie  traa 
cwuMp  of  tho  diSbrenen  bdag  tho  ilKtireni.  \wwbt  «>t  wtA<hW^«wa 
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tc  cgoJoct  eiRctriotty,  oq  which  property  la  baM<l  anotiier 
Qliwiiftotioa  into  ooodootora  and  nonHXtmliiGton.  But  ben 
■gun,  iuoRMod  knowledgo  ItM  shown  th«t  no  such  broad 
dMnition  «»b  be  siittalnad,  iht>  distinction  bciof;  one  of  dognw 
only,  not  of  caMntial  property.  All  stilwtMiooB  are  uteuirica, 
Uid  ftll  ooodttotors,  though  aomo  oonduot  very  iilii;htly. 
Fknday,  fimling  that  oondnutlon  wm  ufTuoiod  by  "  induoiiuu  " 
of  polarity  &om  Budeoole  to  moleoole,  iiitnxlucod  tbo  t«ru 
dielfrMc.  which  is  oommoDly  used  now  in  the  M'<niH)  uf  a  body 
which  transmits  eleotri«  iodnotion,  or  stands  high  in  th«  list 
of  electncs. 

35.  Another  gonoral  distinotion  may  be  drawn  among  these 
snbataDcea.  altboogb  the  tinoe  of  detiuircation  cannot  always  bo 
tOMOtij  defined. 

OamdMdon  are  metals  (also  oarbon  in  some  form )  or  sabstanoM 
of  which  motals,  including  bjrdrogon  as  a  met&l,  form  otMof 
the  noleoiilar  sobdiTisionB  or  low. 

VMtettiei  are  snbstaaoM  not  oootaming  metals  (oxoept  hydro- 
gen, which  in  thvm  doM  not  replace  a  motsl  or  form  0,  separate 
ecBstitiient)  and  whose  moteonlar  conatitation  is  complex. 

In  tho  former  da»  vlwttrioity  in  Jjfnamie,  and  the  comImMm 
dmtit  is  set  up :  in  the  latter  the  ttalk  ph«noinonft  u«  d^ 
Velmnd,  and  the  circuit  in  iadodiec. 

W.  &tkitc  BLBCTKKiiTr  is  howuvor  a  misoomer:  it  has  no 
existenoe:  thi>  phonoroona  are  duo  to  statio  sttaina,  but  thei« 
b  sin-ays  a  giadnal  loss,  ca3lei)  Uahtgt,  whleh  is  the  cnrront 
dm  to  the  coaddotivity  of  all  ciri:uitd :  and  every  motwu  set 
sp  by  BO-oolled  "  statio  ideotxicity  iuplie*  a  transfer  of  enerKy 
oconrnng  in  a  G«ld  of  foree,  set  up  lu  the  form  of  straiua  in 
Ihs  partionlar  "ioduoliTe  oirouit"  iu  which  the  motions  ooonr. 

37.  We  may  now  pass  to  exporimeDts.  from  wbiob  alone 
knowledge  is  to  be  obtained,  and  I  shall  indicate  such  eimpto 
Comu  of  instruments  as  any  one  can  obtain  or  make  for  tht<m- 
sslvns,  but  which  will  go  far  to  domoostrate  principles.  The 
fint  tilings  DMded  an  a  sonrce  of  oleotrioity,  an  indiontor  of 
its  preaeooe,  and  tho  means  of  collecting  it  and  examining  its 
seUons. 

If  we  ta^  a  slick  of  aealing-wsx,  or  a  rod  of  glass,  in  one 
hand,  and  rab  it  with  a  pleoo  of  dry  clotli  or  for,  we  have  the 
fandamental  oxperintont  from  which  electrical  scieDpa-p«w,  for 
we  find  that  wo  hivre  doTvloiwl  a  Turoe  upou,  or,«iidn<«d  a  oom- 
diiion  in,  the  rod  which  cDnhlua  it  to  attrac^^nd  to]>el  light 
nhctaaovM,  and  the  same  effect  may  be  proceed  by  rubbing  a 
^voleanitv  oomb  on  the  sleero  of  a  coat.      jT 

If  we  «s«miii«  the  oocdJiiofJs  of  this  ttperimcnl  Vy  \!b&  Vv^iA 
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o(  kdrancsd  knowledge,  wo  fitiil  they  ootiaSat  in  the  prewnod  of 
(i)  a  dielectric  in  oontnot  with  (i)  the  cuuducting  body  of  the 
operator:  ())  ftnothor  eteolrto  in  fllnuUr  ooDtaot;  (4)  moebk- 
niual  motion,  or  friction  of  the  two  electrics ;  (tliut  is,  a  tinpply 
of  energy);  and  (^)  sopamtioa  of  tbem  wheu  the  fricliim 
is  ended.  ITioeo  conditioiiB  itichide  every  iuatrumeut  deviB(»l 
for  developing  electricity  by  friction,  «id  they  nuiy  be  applied 
in  tho  BimpIoBt  form. 

28.  TiiR  ELCei'KOi-iiOltUR. — This  is  tho  Biin)>lest  source  of  cleo- 
tricity  next  to  tho  mem  rod :  it  has  many  forms,  bnt  its  priu- 
ciploK  arc  tho  mimo  lut  tlint  of  tho  nibhcd  rod.  A  common  form 
Ok'nitiHtit  of  a,  i;irinilnr  tin  dinh  (iIUmI  with  nulphur  or  any  rtisin- 
oiiK  Hulwtunou.  A  obi'op  citi'clric  mity  be  made  with  R  tiarts  of 
r<;<iin,  t  of  fdiulUio,  and  1  of  Vciiicuturpcntinoor  wax,  woll  tiioltod 
together  and  run  Into  tho  dioU ;  a  hook  ia  SLildcrod  to  tho  dish, 
for  oonvenienoe  of  attadiiug  a  conductor.  The  diah  formn  the 
oonduotor  from  the  ditdeQlrio  to  the  earth,  aa  the  booica  toll  hm, 
but  really  to  tho  body  of  the  operator,  who  rube  the  face  of  th<i 
diso  with  a  pioco  of  flannet  or  fur,  or  a  ailk  pad  covered  with 
eleotrio  amalgam.  A  means  of  colleotiii);  the  electricity  from 
the  surface  is  now  required,  and  this  is  the  cover,  consisting  of 
a  piece  of  sheet  metal,  or  smooih  wood  covered  with  tinfoil,  and 
having  a  handle  of  glaRs  or  well-baked  and  vamiahed  wood. 

A  disc  of  sheet  ebonite  coated  on  one  Hide  with  tinfml  forma 
an  excellent  olectrophorons. 

39.  It  is  desirable  here  to  remark  that  glass,  though  one  of 
tho  h(«t  non-oondnotors,  condoneee  moistniri  on  its  stirfaco,  and 
become*  a  oondnctor.  Thfircforo,  those  parts  of  eleotrioal 
infltnimcntH  which  aro  ma<lc  of  elnse,  should,  whoro  possible, 
bo  corerod  with  a  varniith  which  has  Icvh  uttractign  for  moio- 
turo.  Thia  ujudieH  to  tho  liundlo  of  tbr;  i;tiH!trojiliorus  cover, 
U'gK  of  insnlating;  appamtiiH,  nccka  of  Tiitydc^u  jaiw,  and  those 
parts  of  eleotrioal  niaoh ill ea  which  hiive  not  to  bo  ru)>be>l.  The 
vaniish  ahould  be  moderately  thin,  ho  aa  to  retiuire  mvora] 
coats,  rather  than  one  of  a  thick  varnish ;  1  lb.  of  ahellao,  di»- 
solvcd  in  I  pint  of  polisher's  finish,  fiirms  a  tongh  cohoront 
surface,  and  adheres  etrongly  if  the  glass  bo  warmed  bufor« 
applying  it. 

Kbonito  also  roqiiiroa  similar  treatment  owin^  to  the  fonw 
lion  of  an  «cid  upon  it:  molted  paraffin  is  tisi-.fiil  as  a  ooatiag 
mbl)od  over  &l>onite. 

The  boat  mot^El  of  onsnriDg  perfect  insulation  ta  a  modification 
of  JohiiHiiii  an<l  itillip'o  liiuid  insulator,  as  made  ftir  telegTaitli 
lines,  and  alno  in  th^  lorm  of  feet  or  stands  for  batteriea.  ifivo 
atom  of  a  support,  enV-b  u  Fig.  €,  instead  of  being  fixoil  to  a 
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I,  RhouM  1m  inserted  in  m  gltua  trxht  which  can  ooutaiti  ka 
ini<nlit1ing  liquid.  MSJsting  tb«  dopoait  of  moiiitarp:  pure  re«iti 
oil  i»  founit  to  be  perfocUy  adatitod  to  thia  jmrpoee,  and  uot 
Tulntilu  I  a  iihifild  Akould  be  pnivid«d  to  Iceep  dirt  ont 

AIho  iu  deetrioal  ezpeiim«nts.  It  i»  dealnblo  to  warm  tho 
amMnlas,  uid  to  work  in  dry  and  moderatj-.I^  warm  air. 
WnoD  the  air  is  moist,  suooeaa  ia  searoely  to  be  attainod.  Uoiat 
air  is,  however,  not  a  coodaotor,  aa  baa  laag  booo  believed  :  it 
is  the  depo&it  of  moisture  on  Barfooea  wudi  eaoSM  loss  of 
eleetrio  charge. 

30.  ELBtrnKMOORS  are  inatrameDta  for  manifcittine  the  pre- 
•enue  of  electricity.  An  inatrnment  adapted  to  TAnl^(I  ospori- 
munts  is  deaoribed  S  )]t  but  Pi^.  6  is  the  aimpWt  furin,  buing  a 

?;lass  rod  moanted  on  a  etand.  and  bent  at  the  tO[i  into  a  hook, 
rom  whidi  hanf;,  by  mUc  thread  or  bair,  one  or  two  pith  baUa. 
Fig.  ^  b  a  more  elaborate  instrament ;  it  is  a  glaaa  bottle ;  on 
<q)po8ite  aides  of  the  inner  anTface  are  pasted  strips  of  tiufoD, 
which  are  contintied  to  the  ontside  and  to  a  brass  ring  fitted 
with  a  hoKk  for  oondnctora.  Throngh  the  oork  paasee  a  braea 
tube,  olo«od  at  the  bottom,  to  which  are  fixed  two  atripaofgold- 
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leaf.  The  bottle  ahooU  b«  well  dried  and  warmed,  and  the 
cork  cemented  in  and  coated  with  shellac  varuish  ;  when  tiie 
looHO  flttinf^  a  or  jr  (^ig-  8)  ^^^  inserted,  it  ia  a  simple  gold-leaf 
oleotroaoope ;  /  is  a  metal  plato  oovercd  with  a  coatin);  of 
■hellao  on  ita  nppor  face,  and  when  this  ia  fitted  to  the  instm- 
BiBnt  and  an  exactly  similar  plate  with  nn  inanlatinK  handle 
plaoed  upon  it,  we  have  a  condensing  eloctroecope.  Toe  lowor 
plato  [a  connected  lo  the  soarm  and  thu  top  of  the  uppor  pinto 
tooehed  with  a  ooodoctor  to  '*  earth,"  anoh  am  tho  fingnr,  jiuit  aa 
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in  nsing  tiia  electropUorae  nud  for  uiuiUr  rMHona :  on  reniovMl 
of  Uiia  conductor  and  then  the  upper  plate,  ft  far  grcttler  dive^ 
gonoA  of  Hie  loavea  is  prodaced  than  if  the  source  had  been 
OODDOOted  to  theoi  directly. 

}t.  (Connected  sb  deecnbod,  tho  leaves  exhibit  the  Bttme  eleo- 
tricity  OS  the  source  ;  the  snroo  effect  ie  produced  if  the  upper 
platd  is  connected  to  tho  source,  bnt  then  tho  leaves  exhibit  the 
opposite  condition.  The  loivcs  diverge  alike  fur  positive  or 
negative  charKoe,  bnt  tho  nature  of  tho  obargo  is  roMilT  uoer- 
ti^ned  by  r»l>bin^  a  pit^ju  of  elionitv,  and  approaobing  ft  to  the 
instiniucnt ;  if  this  is  charged  with  -|-,  tho  leaves  fall  together  ; 
if  with  —  tho  divergence  iuereosos  ;  both  efTeota  are  tomporary, 
and  oea^e  whim  the  «bouito  is  withdrawn  ;  with  excited  glass 
the  action  would  bo  reversed.  A  similar  prooees  is  usefnl  in 
testing  fiK^blt!  charges;  if  the  electroscope  is  charged  slightly 
with  +  iiluotricity,  when  approached  by  a  +  charged  body  too 
loaves  will  increase  in  divergence ;  on  approaching  a  —  body 
they  will  collapse. 

Ib^dd  instmments  only  indicate  the  preseDoe  of  electricity : 
to  measure  it  electrometers  are  employed  as  described  S  7^ 

}j.  One  of  our  standard  electrical  works  says  (and  it  ts  jtat 
what  uU  say^,  "  Vilreuua  snbatanoeB.  such  as  glaas,  booorao  tUn^ 
trioitl  by  being  rubbed  with  eertaiu  other  substaooM ;  in  thia 
»tnti!  they  attraet  light  bodies.  Rftinout  Bubstsnoci^  miitii  u 
seiding-wax  snd  guttapercha,  become  also  eleotriflal  whon 
robbed  with  corlein  other  substances;  in  this  state  Iheg  also 
attract  light  RiibHlAnccH.  Bodies  which  have  been  once  attraoted 
by  cicitdd  glsurt  or  oxcitoil  rwin  will  not  ho  attracted  by  tho 
same  eiibKl4ince  again  until  tliey  have  touched  some  body  tii 
coniinunicntion  with  the  <Mrth,  but  will  bn  repelled.  A  body 
which,  having  Xh^cu  atlraclcd  by  an  excited  vitrfoui  substance 
and  iH  then  reptlUd  by  it,  is  atlraclcd  by  an  excited  rcsiaou  sab- 
sbiuce ;  so  also  a  body  vrhioli  is  repelled  by  an  exdtod  rainoat 
■ulMitanoe  is  attracted  by  an  excited  cilrcoat  Riibstanco." 

These  statementa  are  received  as  absolute  truth  by  most  eleo- 
trioiauB,  and  upon  them  the  fluid  tlmerii^s  of  elrotricity  aro 
baaed;  and  yet  there  is  soai'oely  a  tmth  in  them  whioh  ia  not 
overweighted  by  an  error,  and  the  simplest  factti  are  miaiatn- 
preted.* 

■  Out  of  tha  oritita  «f  tlM  fint  tditlan  of  this  work  mid,  m  t«  Ihb  HatMMM, 

Ihit  h(  wi(  Dot  awin  "that  tti*  nthui  had  duno  An;thlaE  to  prove  that  b*  b 
titXt  Id  lit  In  jndjiTnfnt  SB  th«  lottllcclual  giiuu  koiDDj  modtra  nfo  of  toiMMt 
Hurt  olT-hiiiircciDik'inDntloa  of  tlie  IhIwtIdiu  noik  of  m*n  Ilk*  Sir  W.  ThoniMB 
%,tiA  ^tet.  Clnk  Maiwfll  Okikeut  f>T  on*  fnem«nl  b*  laUnWd."  Tliniiv  tmiatBt 
trrilm  wrrr  aeithir  mndamnad    oor  nuDed,  vA  vimw  wild  iiak«    ur 
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]].  Let  ns  exuDtne  this  mftHar  of  attrootion  and  repuleion, 
hj  the  aid  of  the  dmpleat  «ip«rim«ita.  Our  vitToous  sub- 
■Uoee  DMy  be  b  pi»e  of  stout  eUm  tabs,  and  oar  reBinoits 
mbatatUM  a  ptoce  of  ebomts ;  th«  uok  of  ■  oomb  will  do.  or  a 
alip  e«t  oat  of  a  thJok  ah^et.  A  tdtk  baodkoroUof,  or  »  pivoe  of 
flumel  will  servw  as  eiciter. 

A  ooorraieat  eteotroeoope  ooasists  of  a  tube  of  gtaa  upon  a 
foot ;  in  tliu  tube  is  p)&c«d  «  bniBS  rod  with  a  tube  aaroaa  it* 
tipper  end,  io  which  elides  a  wire,  one  end  finished  with  a  lump 
of  enttapercha  or  gUas  bead,  and  the  other  with  a  hook,  for  the 
pith  ball  or  balls.  Let  a  pith  btU  bo  easp^oded  b;  a  dry  hair 
or  stik  fibre,  and  the  excited  olectrio  be  presented ;  tho  ball 
will  bo  firet  stroDgl^  attracted,  and  then  Bteadilj  repelled ;  but 
if  an  excited  elactno  of  the  oppoaito  order  bo  pnaestod  it  will 
attract  the  ball,  and  theo,  if  otpablo  of  rovcnitif;  it«i  ohargo, 
will  rvjiel  it.  Honov  it  ia  (^latod,  as  a  ftindiunvintnl  law,  tJiat 
bodies  similarlr  electrifiwl  i«pol  each  othor,  itMeh  i*  not  Ine, 
so  elated.  If  an  excited  ulootric  bo  placed  apart  rn>m  all 
stUTOOodiaK  bodies,  in  a  dunty  atmOMphero  and  in  a  beam  of 
light,  it  wul  be  seen  to  attract  the  floating  partiolcs  and  bold 
them  without  at  all  tepellinK  thuiu  aft«r  oontad  If  the 
snppmed  repuUion  realty  oxuted,  it  is  obvious  that  these 
bodies,  whidi  are  of  coune  Kimilarly  electrified  by  contact  with 
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If  ■  lUoktt  U  t4  b«  4tba)T*4  trvm  tb«  MmiHiiOD  of  tbaorviiMl 
I  adTBDwl  bf  aDjr  on*,  bowctar  (lUDcnt.  BowtTni  CInk  Uumlt.  ia 
I  piwlh^iiiiim  imt  jiiilitnlinl  ia  1S31,  ihowi  thtt  h«  iru  gndualljr  kbudoDiog 
tbc  >ffcti1>*liii  thttfj  tt  (Uctndtf,  ud  would  ■ppnivnilj'  ia  dua  timi  hari 
aJi<«1  tb*  rm  'kctrino  tangbt  ia  tbtM  ptgia.  Li  hli  prcfiot  hi  lan, "  la  tbo 
lamt  tNUlM^  1  MM  I  Mm  aad*  dm  of  OMiboJ*  wblch  I  do  oot  tUnJi  ib*  bart 
la  ftMM«lTi^  tai  «ltb«at  wbkh  lb*  ilvdanl  canned  foltuw  tka  inT*tllg«tiau  of 
Ih*  iMBdan  tl  lb«  BalbonuUcal  theory  of  titctricity.  I  lu*<  *iBM  booonu 
SHt*  ewiTtaaJ  ef  Ibs  lUMrloritj  of  mtlhudi  ikia  to  Ibu*  of  ParaJaf,  and  ban 
tfcswfiTi  adoptad  Ibom  Asm  tb*  finl."  7h<  thtnijr  idrecllBl  In  tliM*  |i*g«  ll 
Uw  'IrKt  auiecm  of  Faradaj'i  iaTOtifaliiiiw  ud  tnchini^  mod  it*  mcttioJ  af 
palUu  qowUMi  to  Xdlsn,  isdotd  of  crwUag  an  uiiliciikl  waclc  frtun  math*- 
Mallan  dWUaob^Ht  ■•  ^at  "f  faiaiij,  who  iitTir  IidbIIpI  hitoMlf  a*  te  tboH 
fcr— la  ■hM.ai  bi  nid.  vtre  tb*  lAiir  of  th*  malhimtCkiaai.  Kd*  whtt 
MyaCbA  Uaxvall,  w  t*  U«  ino<r«oml4  Nt  up  bj  d«;liicit<r  ?  Hi  dtKnUi 
Iha  4lMtri<  Mi,  \m  wUch  n*  liaw  of  Am*,  wMb  aa  tlwtTomotln  fom  artier 
is  at  ^Irertiaa  alias  tlw««  llu«;  «p(aklagof  an*p*ndod  pith  bkll.  fa«  nyt,  "it 
■•t*  aaiar  the  acUsa  «(  a  nam  turn,  deralopM  br  tb«  action  at  tha  alto- 
I  hall  M  tb*  alfdrie  c«nditK>n  uf  lb*  Mi."  ••  If  itit  ehatgc  b  poillin,  tb* 
act*  la  tb*  ball  b  on  ih*  vb«t«  frti»  lb*  iwnitlvtly  il«(iifl«d  beJf 
tb*  ayttraly  oiNtrlfidI  wall*  «f  tfc*  room."    ktit  ■*  bar*  na 

fipoUca  and  *f  IM  pari  pla^  bj  tb*  eaiuu«tiao  to  "  «» lli  "  an  lanntical  witb 
lb*  *i*«*  b*T(  (iplaiaAl  vbteb  arw  Mag  uon  and  Bon  adapUi  V]  tUAt^UMa 
tmiatm  tmagAI  ^  tlumr  wbo  mmd  to  Ofpaat  (bent. 
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the  vUotrio,  eould  not  he  held  firmly  to  it.  In  feet,  tho  ro- 
piiliiiijii  is  only  upjiareut,  tho  real  causo  of  tho  motion  i«  to  be 
hniiid  in  tliu  ftttntctiou  exerted  by  tho  BtUToiindiug  boduw,  m 
will  be  fully  explained  as  wo  proMod. 

Ex|H}riuioul«  on  attraotion  and  repnUion  an  endlen  id 
variety  and  intereet,  but  they  will  not  be  described  hon,  bo- 
cause  they  are  to  be  found  in  most  text-bouks,  and  becaiuo  it 
is  not  the  purpose  of  this  work  to  go  further  into  tho  imbJ4Mt 
of  atatio  electricity  tban  is  necees&ry  for  the  examination  of 
its  leading  principles ;  thoso  who  wish  to  study  it  tlioroiighly 
can  follow  tho  smdllor  work  of  Clerk  Maxwvll,  bvanng  in 
mind  that  many  of  hi«  oxplanationn  wen  writtun  whilu  his 
mind  w»a  in  a  etato  of  trnnoition.  A  mor«  exliaustiro  study 
of  tho  Bubjtftt  will  bo  found  in  '  Aoouuiulation  uid  Conduction 
of  Electricity,'  by  F.  C.  Wfbb,  n  work  little  known  beoituae  a 
full  genunition  ahoiul  of  itn  dutu  of  publication. 

}4.  Before  entering  tipon  the  vartoim  theoriea  of  the  nature 
of  eleotrioity,  it  ehuuld  be  nolud  that  the  oommou  termii  of 
oloolrical  sdcnue  Lave  grown  up  from  tlie  older  tlwories,  and 
henoe  we  have 
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AIbo  the  words  charge,  quantity,  ooiidnotioo,  acoumolation.  and 
distribution,  whiuh  unplv  tho  paaea^e  of  sometbiug  having  a 
real  separato  codstenoe ;  these  and  uiiular  tonus  we  are  obliged 
still  to  nse,  bat  the  meanings  tfaey  convey  in  this  work  will 
be  defined.  The  last  terms  and  their  dgns  will  be  those  osed, 
as  they  are  generally  known,  but  they  will  not  be  used  as 
implying  an  excess  or  defioienoy  of  a  fluid,  but  ae  exprenog 
oppodto  polarities  of  matter. 

J  5.  Tub  Two-Fluid  Tbbort. — When  it  was  fonnd  that  the 
elcctrio  oxcitomeut  produced  on  eJaes  was  opposito  in  its  nature 
to  that  on  amber  and  rednSt  ue  earlier  oxporimentcrs  oon- 
uludcd  that  there  were  two  "fluids"  pcrvn'liug  matter  1  that 
each  of  thoeo  fluids  oiertod  a  strongly  repulHivo  action  on  its 
own  [larts  or  bodies  oharcod  with  itsolf.  but  that  each  Hold  had 
a  strong  attraction  for  tho  other,  and  both  a  stiung  attraction 
for  ordinary  matter ;  also,  that  in  tho  ordinary  condition  of 
matter,  the  two  flnids  wore  united  in  oqiinl  proportions,  being 
thua  ncntralisoil  nnd  adherent  to  matter.  8oiue  Iiave  sappOMQ 
that  the  twci  fluids  when  thus  united  ouustitutod  auotlierDyp> 
tbotioml  Said,  caloric,  or  heat. 
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Tt  WM  RUfipoeed  tKat  07  fnctioa  of  totan  KiibsUiiDe«,  tbenM 
eallciil  (nlfctnoa,  tketfo  two  flnulN  wciv  acmratvil,  Uie  006  renialn* 
iug  (111  thu  nurfiioo  uf  the  vluctric,  thu  uUivr  cti  tho  nibber.  and 
tfant,  from  theae,  either  cmilil  bu  tnui«ivTTi.il  U>  iiiKiilnh)^  bodice, 
that  u,  to  sabttanoei  which  furuiuhud  no  patliway  al'^ng  which 
the  d!stini(cd  flulila  eoold  HikI  k  wa;  to  ihu  minion  intonwly 
MKight  by  both.  Heuoe,  wh«u  a  charged  liudy  or  mn  <.ixciu>d 
duotric  ia  proeented  to  a  light  movable  body,  thu  Uttcir  in  dtnwn 
towards  it  by  the  attraotion  of  tim  fluid  for  matter ;  us  ikxio  as 
Ibe  charge  ia  equally  dirided,  the  sclf-tepoMTe  property  of  the 
fioid  canae*  the  bodies  to  repel  each  other;  and  then  if  a  body 
similarly  chargod  with  the  othor  flaid  is  within  reaoh.  attraction 
ooOdlB,  tho  flaida  rt'Uuitc,  with  a  epark  if  the  qnaiitity  aud 
tennon  are  groat,  and  resume  their  usual  nootral  atate.  Ilat  if 
Ibeie  ia  tra  aiich  oppusitaly  vhargvd  body  acoeaeible.  any  body  in 
ooodncting  oonnootiOD  with  tho  earth  wilt  voablo  tho  char^^  to 
diasipate  it«olf,  aa  ioido  my,  bcotose  the  uarth  ie  a  oomparativoly 
ialinito  roMirvoir  of  both  fluid*,  bat  more  Nimply  and  ntoro  in 
aooordanoe  with  tlio  tbeori*  itmlf,  bocauau  it  jirnw^ntM  an  nn- 
limitod  rutGumi  und  body  of  mutlur ;  aiid  th<!  flm^  dintribuling 
itmlf  over  all  auifacea  and  mattvr  to  whivb  it  baa  a  couduotlng 
path,  tbu  chargo,  whicdi  ia  f^roat  upon  the  amall  aurfaoe  of  tho 
oleotriGod  body,  beoomea  nothing  when  it  haa  the  wfauto  earth 
to  tpread  itself  ovor.  Thia  hypotheaia  waa  built  upon  tho 
phenotucua  of  fnotional  fllootricity,  and  of  theao  it  furuiiihea  a 
modorately  aatiafactory  azplaiiatioD. 

j6.  TiiK  One-Fluio  Tiieokt  waa  derifed  by  Franklin,  aa 
more  aimple  than  the  other.  TIo  atippoeed  that  tbore  wua  une 
eleotrio  flnid  pervading  all  mattor,  powering  a  atroog  attrac- 
tion for  matter,  bat  Wing  atrongly  atilf-rupulaivc  :  mattor  in  its 
ordinary  stale  has  in  oonnuctioo  with  it  no  mnoh  floid  aa  aatia- 
fioa  tho  imitnal  altractioos,  but  whvn  ourtain  bodies  (olcctrica) 
are  mbbod,  aumv  a1>«orb  nnrt  of  the  olootrioity  from  the  rabber, 
and  thna  bocomo  potUittly  obargod  with  thia  oveqilus;  others 
part  itrith  thoir  pronor  oluotriuity  tu  thu  rablwr,  and  thua  rcninia 
themsolres  tM^ativvtif  vharj^od.  A»  with  the  uLh<-r  Iht^ory,  tlio 
earth  is  supjxwod  to  neocave  tho  eloctridty  driven  vS,  or  to 
snpply  any  iiuantity  of  it  when  uoeded.  Thia  iheoiy  ah» 
oxpfaina  tlie  ordinary  phenomeoa  of  atatio  electriuitr,  and  on  it 
Bondiua  built  hia  eleotni-obemioal  theory,  which  ruled  chemical 
Hcienoe  for  many  yeata,  treating  tiie  relative  affinities  of  diffcreot 
sii1»tHuov«  aa  due  to  the  reutive  proportions  of  olectrioity 
bclungiii);  to  them. 

37.  Theaa  theories  weio  doTiaed  when  only  the  atatio  phono- 
muna  of  electricity  were  known ;  bat,  when  djuamic  elootricity 
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w«8  diflcoverod  by  Gnlvaiii  und  Volta,  it  ww  found  tli«t  thoy 
fftilod  more  and  more  to  csplain  tbo  now  fMtlii.  Bui,  ■.•vl-u  if 
thoy  fnmi«h  k  Kort  of  cxjiUnntbii  of  the  siniplor  eintic  phuno- 
tuena,  a  elieht  viAminatiDit  will  Ahow  the  utter  imriroliubiltty 
of  tho  "  Rtiid  "  oxpluiiiktiun  of  evuu  tlieae.  The  fluids  have  K 
Htrong  attntotlou  for  cjicU  utlier  uiid  fur  matter,  ^et  th«  tubUng 
of  twu  niibfttoiioo*  to^t-'tlnu-  id  aiiflSck'ut  to  8oparat«  th6  floldB 
ttwa  cacli  otlior.  and  from  the  mutter  with  wtuoh  tbc^  are  in 
(|[iiiet  itniuu.  They  bavA  a  strong  rejiulfion  for  themseJvea,  yet 
in  addiliuu  to  overooming;  theso  attrac!tii>ns,  wo  easily  oolleot 
these  eelf-repuUive  fluid§  into  separate  reservoirs.  At  the 
iuBtant  of  doinf;  ho  tbeso  reservoirs  aro  in  actual  contact,  yet 
tho  fiuids  do  not  rouuito  there,  tiiongh  they  will  do  eo  with 
great  violence  when  again  brought  into  somewhat  near  neigh- 
boiirhood,  and  travel  any  distance  to  got  tho  o]>po>rtunity.  In 
fact,  at  the  point  of  origin  the  fluidn  must  nctiially  tmnsform 
Ibeir  mutual  attraction!!  into  rcpulsinns.  LooVed  at  thiw,  it  ia 
obvioUH  that  utioh  tliooriea  could  only  have  been  furmod  in  the 
det«rnkiiiution  t(i  maico  itomo  Icind  of  explanation  of  Ktrikins 
phenoinona  newly  disoorercd,  and  Uiat  they  have  held  thev 
ground  aimply  lri>m  habit  and  tho  gradual  traiulns  of  every 
one's  mind  to  Httiily  ttio  p)i(-no:uona  only  by  mcaiin  orihom. 

38.  Ths  MoLGOULAr.  TuEuiiy  was  founded  by  Faiaday  in  hia 
ueinor&ble  exiNL-rimeuta  on  induction,  but  it  haa  aiuco  grown 
with  the  f^wth  of  the  oihc-r  Mciimu^ti ;  it  is  a  sc^nenw  to  the 
now  accepted  doclrioe  of  hc-ut  being  motion,  and  is  intimately 
connoctod  with  the  modern  doctrines  of  choiniatry.  Simply 
•tated  it  is,  that  electricity  has  no  existence  as  au  mhVy,  but  Die 
pfaenometia  are  due  to  properties  and  motions  of  tho  moleciih-e 
of  matter.  Of  late  there  has  been  a  tendency  to  attribute  tlie 
actions  of  electricity  to  motions  of  the  supposed  ether  (see  j  7), 
whioh  ii  coDsidorod  to  be  in  some  way  condenHod  upon  the 
noleoQlca:  this  idea  is  naturally  most  favoured  by  mathema- 
ticiasB,  and  to  all  but  trained  mathematical  minds  it  is  nearly 
inoomprohoniublo,  and  appoaie  only  a  modification  of  the  one- 
Said  theoTT :  if  the  etlicr  ia  m  coodonsod,  it  becomea  a  part  of 
tho  molecule  and  the  oauae  of  its  aotiooK,  and  tliersforo  we  may 
prooeed  to  trout  the  molecules  of  mattOT  as  poemsaing  certain 
propertiea  now  to  be  studied,  loaving  in  suspense,  as  boyood  oar 
pTMOnt  knowled^-,  the  caueo  of  thunc  properties. 

JO.  Onr  former  consideration  of  tho  mi^ocnle  (Sit)  related 
(o  ita  chtnieal  oonstittttion.  We  have  now  to  examine  its 
fifftteai  chanoter,  inlemat;  us  rcgardii  the  manner  of  ilH  cxia- 
teuoe  and  breaking  up,  andv  fxUmal,  as  to  \tm  attrnctions  for 
Mud  rv}*tioB$  to  other  moleoul^;  and  wa  Wve  \m  oDi\wA«t  \t  m 
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m  body  oompoaed  of  two  disljoct  parts  Uuked  U««tli«r,  but 
aciing  *1k>  as  ■>  whole  fri>m  n  rommoo  C*ntrt>.  IVrBasll's  wordis 
when  d«scritHi)g  theaciions  of  lifht.lieftt,and  pTMnmotigtuM^ 
toa-nj  U>e  id«*  Tory  folly : — **  MoIcouIm  do  migrate  front  Meh 
other  wIloo  tlui  «xtonijJ  pmcnre  is  lemeD^i)  or  removed,  but 
the  AtiMDH  do  not.  Th«  reason  of  this  etabilitT  is  tlmt  two 
fones— the  ono  sttrsctivo,  nnd  th«  other  repulsive — era  in 
opeimtioB  betwera  orcry  two  stoms,  and  the  poaitioa  of  ovetv 
atom — its  dUtmim  from  it*  fnllow— it  <lrti.>nnincd  by  the  eqnih- 
bntion  of  thvw  forvcw."  "Th<i  point  at  which  nttrmotioD  ttnd 
rapnlstuD  are  equal  ti>  each  otber  ut  Him  iitQinV  pamtiim  o/eqnUi- 
Irtmm.  If  not  abaolntely  oold— and  thore  is  nusncJ)  thing  as 
sbeolute  ooMneas  in  our  comer  of  ttature — the  atonw  are  ivlways 
in  »  atat«  of  Tibratum,  their  Tibraltoiis  being  exounted  acrcwa 
ihfir  pontiona  of  eqailibrium." 

The  !de«  of  a  reptdaive  fonw  ia  now  snUitiluted  by  that  of 
potential  eneivy,  as  internal  inottoti,bQt  this  dood  not  alTeot  the 
explutatfan  that  the  internal  attt»ottoD8  of  matter  drsw  the 
atame  together;  llie  foro(«  of  heat,  diCL,  as  motiooi  tend  to 
separate  them ;  and  (the  molecule  being  oomitituted  by  the 
bdance  of  theao  fi>rc(«)  additional  foro*  tends  to  separate  the 
atom,  and  break  np  the  molociilo.  Wt  may  now  simplify  oar 
conception  by  Fia.  9  a,  in  which  wo 
repment  tbe  two  halT<-«  of  tlio  molcuiilo 
OS  Tibrating  on  a  oentml  piiint,  or  vertical 
lino. 

Now  s  furoo  which  either  iulensifies 
those  oeciilationa,  or  which  Beta  up  a 
n7olatic<n  of  the  entire  tooleonle  on  the 
same  centre  and  line,  wonld  tend  to  alter  < 

the  aolemile  to  Elg.  9  fr,  in  which  the    ^(^  ^^'^^  ^ 
internal  attractions  are  weakened.     If  J 

we  now  conwire  a  tine  of  such  molo- 

colee.  Fig.  9  c,  we  see  that  there  mn«t  come  a  time  when  tho 
atomto  attrartioDB  will  bo  greatly  weakened  intvnislly  and 
partly  excitrd  on  the  (wnyuipiiiiding  or  oompleimMitary  jKirlii  <if 
neighboaring  niiilonilrM.  In  tliis  state  tho  sulwtanoe  may  be 
said  tu  be  pSariiril  ($  1 5).  The  degree  of  tliis  tenden^  would 
Iw  called  itn  Ien><ii<n,  being  the  strain  upon  Uie  attrsotive  forces ; 
as  thin  iticivftMi-B  t]iL-n>  oonua  a  period  wlii-n  the  nioleoulea  break 
ap  and  r»-forni,  sh  nbowii  In  Fig.  9  d.  This  will  be  a  disohaijge. 
The  estivrae  aloats  here  may  ha  cxmudercd  either  as  forming 
parts  of  a  continued  ohain,  or  as  set  free. 

40.  I'araday'a  theory  of  ioduoliuu  by  polarization  of  odinocnt 
molecales,  though  the  origin  of  this  eonoeption,  is  ver^  diSQT«a\ 
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from  it;  he  treated  of  the  ftotioue  at  a  Dodj*  charg^  with  eleo- 
tricity,  and  iU  modo  of  action  on  soirounding  budies,  but  later 
diBooveriee  have  dt»veloped  that  tlieorv  of  the  ^«c(  of  electricity 
in  the  filial  of  charge,  into  a  theory  of  the  fourcd  or  caiueoT  oloo- 
tricdty  itself ;  which  may  be  thus  dcfiiiod. 

Euctrieat  aelion  it  devdopcd  onl;/  whm  a  eompUU  tJtai*  of 
polarutd  nolMutet  enn  he  furmtd.  Whou  that  chain  u  whoUv 
oomposed  of  ooaduoting  mol  colli  oh,  dyoamio  oloclricity  is  matii* 
fimtcd ;  vrbmi  partly  ooiopoHcd  of  uuu-conduoting  mulccnlca.  wo 
lukvv  ifUtio  oloctrioity. 

41.  ^Vu  tin  now  ready  to  examine  toe  ccDditions  nntlor 
which,  and  the  reiiaous  why,  friction  developa  olootridty ;  whou 
two  HulidK,  vr  a  nulid  and  a  lii]uid,  are  rubbed  togotber,  ftlootri- 
city  in  duvulcjjx-d ;  guses  do  not  nppuur  to  produce  thi*  effect, 
but  we  uedd  uttuud  now  only  to  tbu  familUr  olectrloal  |>h«u)- 
mena.  Wo  luivu  hithortu  IctMited  gluns  aa  boooiuiiig  pi>silive  by 
friction,  deveh>ping  viiieuUH  liloolxioity,  but  this  in  not  an  ubeo- 
lute  fact ;  if,  inateud  of  a  piece  of  silk  for  a  ruliber,  wo  ose  a 

tiiece  of  cat'e-ekin.  Uie  jjlaas  becomes  nugnlivf.  The  followinp 
iat  (given  in  Ganot'e  *  Pliyaics ')  sho^vs  the  bodies  whicli 
develop  [lo^itive  electricity  in  the  higher,  and  negative  in  the 
lower  m  the  list,  when  rubbed  together  t— 


+  CM'Mkia, 

The  haud. 

£h*llw 

Oluu. 

Wwh!. 

Ctoolchoae. 

lrov7. 

Suljihur. 

R**io. 

8111c. 

FUnni'l. 

fl'llllJWTdU. 

Rook-crjriUU 

Csllon, 

AltUlt. 

This  lint  shows  that  the  nature  of  the  Bubstanoea  in  friction 
fforeras  the  result,  and  probably  the  most  complete  esanai nation 
into  this  ]>oiul  waa  made  by  Couluitib,  whueo  couclusions  were, 
that  tho«e  bodice  whoeo  parte  are  least  dietnrb<.'il  by  the  friction 
tend  to  become  positivo, particulnrly  if  oomprcwiwl ;  thotw  which 
are  moet  disturbed  become  nogative,  cspccinlly  if  ililatod. 

41.  This  implies  that  molecular  disturbiitico  in  tJie  origin  of 
the  chciridtv ;  and  tbo  deduction  in  very  plain,  that  whoD  two 
iliwimilnr  auustaacoB  are  rubbed  tugtrtbur,  a  certain  ainoont  of 
adhesion  itt  produood,  which  is  iin  cxturual  attrautiun,  at  oohe- 
Hion  is  an  intoraal  one.  Thin  altrautiou  being  upjiosod  to  the 
iintiirol  Ktiitc  of  the  li'itliiu.  teudii  to  draw  the  suporfioi>]  >noI»> 
eiiluM  away  from  tlicir  neighbours ;  tlio  o|)posinj(  or  oom|)lemOB> 
tnry  halve*  of  theno  tond  to  unite,  while  th«  internal  attrMAioQ 
of  tliv  moleoulca  U  weakened^they  are  poluined;  Fig.  to 
ouuvtiys  au  idea  of  thia  etfeot.  The  euperfieial  inolcoules  ri«oi 
an  thfir  aeighhoan;  and  a  complete  chain  of  excited  pulaiixed 
mo/ocuJei/  iu  formoA,  almig  whioli  ia    lT&iudorr<A  f^va  wi%x^ 
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rUclk  bat  for  tli«  fricUon  wonlJ  hare  g«Dor»ted  iimroiwJ 
I.  It  dues  EO  still,  but  if  there  bo  no  n«istaiic»  it  pto- 
that  which  WQ  see  uid  fkmUiu'ljr  call  motivn ;  if  tMre 

neistaiice.  wa  haro  tho  motion 
ig  the  nK^oonlcs,  which  is  oleo 
trtcUy,  va&  this  Kgnin  oxbanate  ttBciC 
in  the  Tibnitwiis  of  boat. 

Here  wo   hare  a   theory  wbioh  —  . 

nnitoB  Statio   and   Dynamic    «Im^      ^Ur  w^ W  W 
tricity,  and  sxpUina  alike  tbo  «!•  *•••' 

citement  I7  fricttoo,  chcniioal  action, 

aod  b<iaU  AU  oall  into  action  tb«  latent  altraotion  between 
what  for  oonvenieuoo  wb  may  oall  the  +  '"■■^  ~  atoou  of 
diftreml  nx^Molee,  WMkenin^t  the  -f-  ^'^  t^  ~  attFaotiuna 
•nf&m  the  moleoolca,  and  HCttirt);;  up  a  polar  chain  which  «n 
tnnanut  amers^y  entering  it  ut  the  iioiut  of  origin,  which  tbns 
oonttittttea  a  sooroe  of  electrouiutho  furoe. 

4}.  Now,  returning  to  Fie.  10,  let  the  lin«  of  dots  r  repieaeot 
the  molecoiar  ohain,  varion^^  formed  to  convey  th«  idea  of  the 
different  mbBtanoee  wbioh  may  compoee  it.  Whou  we  rub  the 
eJeotrio  the  chain  ta  formed  through  the  body.  On  separation 
it  oompletea  itself  tknragh  the  air,  showing  the  one  hand 
holding  the  eicctrio  +,  and  the  other  hand  — .  The  air  spaoe 
now  oonetitntea  a  "  field  of  forces"  tiuToreed  by  lines  of  foice 
OOnneotiDg  the  Enifac«a  on  which  the  +  and  —  oleotriojtJM 
appear  to  exist.  A  pith  b«lt  or  cither  body  approachwl  to  either 
of  them  oarfocw  beoomes  port  of  th*t  field,  u  put  ondar  atrea 
by  theae  linoo,  and  nkores  in  obedienoe  to  the  elcotroowitiYa 
fiwoe.  prodadng  the  variotia  phenomena  of  attraction  and  appit- 
r«D(  repalciuo. 
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..  The  fundamental  laws  thus  far  developed  ore : — 

Electrified  miMxauM  attrati  MMlraf  mib*Utnct»,  and  Oitn 
oerfam  cosdilMMu  npet  lA«n.  They  do  so  by  polarising 
their  molecaloa,  aod  tbon,  if  the  elootrifiea  body  be  in  a  -)-  oon- 
dition,  attnoting  the  —  ride  of  the  moloonloe. 

^i)  8f^iitaa£^dittimSafls^tcUifi<daUraeitae\ollifr.  Thatu, 
hooiea,  the  external  moleonlca  of  which  preeent,  ono  tbuir  -f- 
extnmitieo,  tJio  utiter  thdr  —  extremities  to  each  utiier,  are 
matnally  utliuctv*!  by  enteriug  a  line  of  Turov. 

(})  SUntfoncM  nmilarly  eUetriJkd  rifd  each  other,  Tliat  !a^ 
there  W  no  uttrucliun  bvtwovn  tbg  two  ihuIuouIum  ]>n:M!nting 
their  -|-  or  —  extreiuttiiM  to  eiivh  gthur,  and  llioy  no  luovu  that 
tboy  may  enter  a  line  of  forov  in  ny in  metrical  poW  arilor. 

Thoec  are  the  ordiuoiy  eluoLnwt  laws  (fur  u  nuionlifiu  lata 
meraly    ouauui  the   statement  of  a.   natural    fact),  iut«riiruti.-d 
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according  to  th«  raolooular  thenry.  Their  full  mcftning  will  bn 
tKon  wheu  the  naturo  of  tho  "  inductive  nrcuit "  nai  tbo  ootion 
of  a  liclil  of  otoctric  forco  haw  bono  MuitiiHl. 

45.  Tho  action  of  tho  tdootropboruK  will  exhibit  tnui;  of  tba 
nrinciplea  of  elcctriciJ  icionco,  though  wi>  ouiDOt  obtain  fWao 
It  any  very  Blriking  olFuots  lilco  th<uwt  of  powerful  aaohuiM. 
A  ver}'  cniiTvnieaL  and  eimplo  form  consista  of  a  glaw  and  an 
utionite  iliec  (the  ghuM  merely  for  noting  diff«reuo08  of  aoUon), 
prorideJ  wltli  a  cover,  and  a  tituud  of  wood  aomt-whut  larger 
t)ian  the  OJsc^.  Tiie  wood  abuuld  Im  thorouchty  bulced,  well 
covered  with  nhelluc  varni^,  and  supported  by  three  feet  of 
obouite  rod  or  ^ttaperolia  to  form  an  insulating  stand.  The 
upper  fiieo  ohould  do  covered  all  over  with  tinfoil,  ounneoled 
to  a  email  hook  or  ball  screwed  into  one  side  for  attaohiog 
oooductore  to.  On  the  edge  of  tlie  faoe  should  be  three  atnds  or 
piocoB  of  wood  to  hold  the  disc  in  its  plaoe  when  rubbed. 

4S.  Thoso  standi  servo  also  for  many  ozpcrimental  purpoeeB, 
but  as  wood  conducts)  electricity,  on  aucount  of  the  moislure  it 
oontains,  for  all  etoctrical  purposes  it  should  be  slowly  and 
thoroughly  bulcod  without  scorching,  pat  into  molted  parafSn 
whilo  hot,  and  kept  thuro  u*  long  as  any  bubbling  continnos; 
it  should  thon  bo  rcuiovcil,  and,  as  it  cools,  be  dipped  BOTeial 
times  so  Umt  the  grain  and  noroB  of  tho  wood  beoooae  thoroaghly 
filled  np:  in  thin  etate,  wood  is  a  good  insulator.  Paper  can  b« 
pruiMiM  in  a  nituilar  manner. 

For  adjuntable  stands,  a  rod  of  wood  can  be  Qaod,  attached  to 
a  foot ;  pieces  of  bmss  tubing  tilled  with  a  cork  borod  to  fit  the 
md,  will  slide  to  ruijuirud  height  and  curry  crosa  ntds  on  irbioh 
nimilar  corked  tuben  will  ^iro  luiy  drsited  aagnlar  adjustment: 
such  easily  oonstructed  holdum  iiro  very  nncful  for  chemical 
and  other  usee.  A  slub  of  recently  melted  piimffin  innk(«  an 
esoellent  insulator,  while  such  a  Htuml  as  just  dt^jicribed,  or  a 
sheet  of  tin,  replaces  the  "  earth  "  ao  constantly  rvforred  tg  in 
electrical,books. 

47.  To  use  tho  apparatus  for  examining  the  principlos  of  tin 
electrophorus,  place  the  ebonite  disc  on  the  stand,  rub  it  well 
with  a  silk  handkerchief  and  apply  to  its  face  a  proof  plant. 
This  is  simply  a  miniature  cover,  a  pieoo  of  metal  or  wood 
covered  with  foil,  and  mounted  on  a  glaas  handle ;  it  is  well  to 
have  a  variety  of  these  of  varioua  forms  and  sixi-a,  providing 
them  with  a  piece  of  tube  or  a  wire  at  thu  hack,  to  slip  on  a 
gliun  handle  or  a  stick  of  shellac.  On  tcucliing  the  ebonite 
with  this  and  presenting  it  to  the  pilli  ball  uleotroscope  it  will 
bo  found  tliat  there  is  no  ootiott.  Now  tliia  may  arise  from  two 
aaafo^  and  thorvforv  the  principle  WnA  ha  eiB.uvuMA. 
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49.  Il  ia  g«i«nll7  oonniilerud  thnt  wli«n  mi  iimUt«d  bodj 
bmiihM  «  elarytd  ono,  tho  two  beoooio  ono,  u  far  u  the  elootri- 
ciu  is  oonoomcd ;  that  thin  diatribnto  itMlf  over  both  sut&m*. 
utu'  vlieo  tliMO  ■««  Mfontted  tmoit  n  snppoMd  to  retaiu  Ita 
proportioiww  ■bare  of  the  "  fluid."  Tho  prcNif  piano  ia  m 
•mployiid  in  nuiny  caaM,  but  it  iiGt«  difforvntly  on  tbo  «<loctro- 
pbonut,  k  &ct  which  throvra  f^mt  light  upon  tbft  truu  oatore  of 
"Chum.'*  The  eleotrophorw  is  «ppareutly,  to  oU  iut«Dtg,  a 
nbargiM  body,  for  ita  face,  if  resiuous.  is  in  a  purely  nogalivo  or 
—  tUta,  7«t  if  we  apply  the  proof  place  and  remove  il  wv  ithall 
only  diaeover  a  faint  charge.  In  order  to  obtain  eloctnoity  on 
tb»  ptan«  we  mnst  touch  ita  upper  face  witli  a  conducting  body, 
in  what  la  called  *■  connection  to  earth" ;  praetically  the  o))«n- 
tor'a  finger  will  serve,  bat  for  the  enko  of  theory  the  coouectioo 
ibonld  be  a  pieoe  of  wir«  attached  to  a  chain,  which  drops  oit 
the  floor,  or  is  hung  to  a  ^aa-pipo:  with  onr  inifnlatad  stand, 
we  at  once  see  that  connection  to  itn  oonduciinz  faco^  whieib  is 
Is  ooDtact  with  the  bock  of  tha  electric  diac,  g^aa  exactly  the 
MBte  result  as  coonootioo  to  "earth"— it  in  fact  fulfils  the 
ooodltiuns  of  i  37. 

4^  This  is  alao  tbo  way  in  which  the  elootrophonu  ia  used 
ibr  any  pnrpose :  in  order  to  cbari^  it  by  fiiotioD,  (lia  back  of 
it,  whether  this  be  a  metal  diah  in  whicli  it  i»  cast  or  tbo  fbil  on 
tha  baok  of  a  disc  lying  on  tho  sutid,  iuu«t  bo  "  oonnectod  to 
aarlb,"  or,  in  reality,  h>  1^  rabicr ;  without  this  no  charge  is 

£  Derated  ;  bnt  this  ciicitit  being  made,  it  ia  excited  by  frictton, 
B  oov^r  placed  on  its  face  ami  touched  on  tlie  upper  eurfaae 
with  the  finger,  to  mako  connection  to  the  Ixick;  tho  cover 
when  DOW  raiaad  is  found  to  be  oharge<l,  and  tijiarka  may  l>e 
dniwn  from  it.  Tito  itiBtniment,  when  excited,  will  retain  ita 
powers  for  a  long  tiino  if  the  cover  be  plaeed  on  it ;  in  a  dry 
a^  it  ma;^  retain  its  obitr^  for  days  or  weeks,  really  to  give 
ft  nark  without  frwb  exmtament.  In  this  way  cleotrio  ga»- 
lighters  an-  made. 

JO.  A  roforcaoo  to  Fig.  10,  p.  S7,  will  explain  the  omulitiotw. 
The  lower  line  of  awlecnles  h  may  repreaent  the  excited  diac, 
and  the  upper  row  a,  the  robber  dunne  exoiteuent,  and  tho 
oovor  when  in  uao.  Tha  maw  of  toe  dielectric  become* 
poUiixcd.  and  the  easentJal  property  of  these  dielectrics  ia  to 
ntaio  this  oondition  of  sTrew  in  which  energy*  ia  so  charge<l 
Wjfoa  thotr  tnolocubia  as  to  oonatitiite  a  field  of  force  wttliin 
UMD,  having  a  strong  rteemblanoo  to  the  iua;;T)«tic  (xiuditioiis. 
la  order  to  set  up  this  field  of  force  and  statu  of  etrces,  the 
~  oondition  ia  that  there  Bhall  bo  a  coinjilcted  circuit 
If  the  oMtaectwg  chain  c,  Vig,  10,  is  t^uuvoA,  )^ 
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electroplioniB  vhioh  it  reprefients  will  receive  no  eleotno  cliargv, 
but  friotioQ  n'aiiM  beat  it:  if  wu  connect  tho  sole  plate  to  earth, 
witli  which  tho  rubbor  is  nUa  ooimectod  through  the  body  of 
the  operator,  we  have  electricity  instead  of  beat ;  that  is  to  aay, 
we  have  potfntiat  tncr/jii  stored  m  rtroM  in  tho  molecules  of  toe 
difleclrio,  ready  to  prodnoe  the  phiMiomena  of  electricity,  when 
the  proper  ceoditkms  are  prcgi'iit.  If  wo  now  pUce  the  O0Y«r 
tin  the  f»cc.  withoat.  ooimeoting  it  to  the  IxH-fc.  tho  cover  only 
rojilaecs  a  Htrutnm  of  air ;  itn  oQixlitioiiR  aro  thi>  HFimo  m  those  of 
ft  cylindiT  brought  within  the  "indnotivo  field  "  of  a  charged 
body,  »>  that  it  iw  "  jioluriKwl,"  +  on  one  ddo  nnd  oijnally  — 
on  tho  other.  But  if  we  cIom  the  circuit  d  Fig.  lO,  new 
oonditiouH  ftriite;  if  the  oorcr  were  in  perfect  oonbkct  with  tho 
dioluotrie,  diaohar^  would  oocnr,  for  then  the  conditions  would 
be  thoHo  of  the  Leyden  jar.  But  in  &ot  the  cover  only  tonobofl 
a  few  parts  of  the  surfaoe ;  the  conditions  are  more  oonipftt»bla 
witliUioBdof  ftniai^efwhen  its  armature  is  placed  on  itapolM; 
the  oonaeqaence  is  that  when  the  circuit  is  hmken,  the  oovvr 
Msiimet  ft  state  opposite  to  that  of  the  dielcctrio,  because  now  it 
rciillv^ntinueatne  polar  order  of  the  other  side  of  the  dtelecitrio 
to  wliioli  it  had  been  connoctod.  Tho  old  explsnation  waa  uiftt 
tho  —  Rlirirg»  on  the  face  induad  ft  +  charge  on  the  cover  m  It 
appniiwhinl,  and  ihat  the  oorresponding  —  of  the  cover  went 
ftway  inti)  the  earth,  and  then  the  oppoung  +  and  —  oho: 
hoiind  lu-  tlimmiilattd  each  Other,  all  which  is  needless  ooupl 
tioti.  TliL-re  iM  an  attraction  botweoti  face  and  cover,  as  th 
botweeii  magnet  ami  armature,  in  which  latt«r  cose  we 
what  might  equally  bo  onllod,  bound  or  dieeimulated  mai;- 
nctisro;  in  both  ca«ce  also  tho  Tomnral  of  the  attracted  body, 
against  the  forco  of  Attraction,  rMtoron  tho  energy  expended  ui 
netting  tip  tho  poUr  foroo.  Tho  covi-r  on  removal  has  su 
ajiparent  charge  of  free  +  eleotrioi^ ;  but  in  fact,  M  long  as  it 
lito  on  tho  plato  it  is  in  the  lino  of  the  external  circuit  of  the 
plate  to  it«  solo,  and  on  removal,  it  dividoa  that  extrimal  field, 
netting  up  fro«h  linos  of  force  to  all  mirrounding  uhjeots,  nntil  it 
approaches  near  enough  to  some  object  in  wliii^li  these  tinoa 
of  fon»  can  conovntrate,  when  discharge  of  thl«  local  Geld 
uoctira  as  a  spark.  The  required  oouneotiou  to  the  other  Ride  of 
the  dielectric  is  frequently  made  by  a  pin  ooiniug  through  tho 
mass  of  the  olectrophorus,  with  whioh  ibe  cover  makes  ountiict 
at  once  without  any  special  process :  thiei  disposes  of  any  tbeoiT 
calling  forth  the  agen<7  of  the  "  earth  "  as  a  reservoir  and  olnl 
of  electricity,  lieoauae  the  infltrument  acts  just  fts  perfectly 
when  insulated  na  when  connected  to  earth;  so  alsodoelcctrioftl 
m»cliin(»  whoa  their  mbbors  ar^  lntni\Q.\eiV  vud  (K>nn«<iled  to  tho 
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oator  cottttng  of  ■  Leydon  jw  while  the  iitnor  coating  ts  charged 
train  tho  primv  oondocuir. 

ji.  In  wnrkinK  {"T  discov^r^  it  ia  nqiiiiiit*  to  «xperiii)4nt 
fim  u)d  thiit  m-cb  the  interpretation,  kwI  thiti  is  •  good  mode 
uttnatnatiaa  «li)o;  bdt,  on  the  other  hand,  *n  oxporimont,  Aod, 
■tin  nMC*,  a  dcMriptioii  of  one,  ia  far  more  intcUimntl^r  stnilied 
wbtD  Jta  object  is  understood,  so  this  sobjeot  has  heeu  ilim-nsaod 
noro  fnlW  than  usual  in  toxt-books.  In  seeking  out  [>riucTi|i]Mi, 
tbo  iintiHwt  iiiKtmm«nts  and  oiperitnonts  tesch  more  than  iiioro 
«kbar«teonea,bM»UMth<Hwoft«D  iatrodacooomplicatiouawhicli 
Di»7  pat  out  of  viow  tho  moat  ocDtnJ  and  Msonttal  pointa. 
Tb*gr  also  lead  np  gndnally  to  more  ext«nkiTo  atndioa,  oDd  thus, 
K  A'^i^  wo  '^  Biitici|Kitoi-y  ontline  of  what  U  yot  to  b«  studied 
ntder  moro  goi>«nl  coiKlitiomi. 

{3.  Tbo  oorlior  elcctndiuia,  attracted  bj  tho  inon>  obvious 
phenometto,  niMtod  tb«  principk  und«ri7ing  them.  Tboreforo, 
the  ezpnmiani  of  moat  eleotnoal  wrtlcra  ore  such  oa  tojnati^ 
the  notion  that  cither  posilivo  or  negative  eloctrioitT  is  oapabUt 
of  Mjpnnta  oxiateDoe,  isolated  from,  and  indepemdeDt  oi^  ita 
oppontB.    Tet  oU  now  admit  this  geoenl  law. 

(4)  Om  Heekleitg  ew  imw  be  pnd»Kd  uilhoiU  producing  at 
Aa  ouw  timt  am  ojaal  Mm%  »/  f^f*  o'A'''. 

Tbm.  in  friction,  If  the  electric  be  +.  tbo  mbber  ia  — ;  oo 
Ixt  in  •  b«tt«r7,  one  extremity  is  +,  the  other  -  ;  and  in  n 
K  ior  if  tho  inner  orating  is  po«itivo,  the  outer  ia  nego- 
iTA.  AU  theorie«  include  this  law,  becanjs«  it  is  a  simple  feet; 
<at  it  is  an  ineritAble  oonflec|aenoe  of  the  molocnlor  theory, 
for  lb«  molecntes  ncc^imarily  hnTO  two  opposite  sidoo,  and  tho 
mA^TtioiisortiioMsMcs  arc  tilt:  caoMtioftno  pheaouoiia.  Bnt 
tbo  fluid  tbooriM  oseumu  that,  having  niwlnood  Neparation  of 
the  lwi<alcotricit)c«,onuuf  th«m  may  lie  iii^misMd  into  thooartb 
oa  the  oummon  rworvoir,  or  infinita  conduoling  snrfaoo,  Ivaving 
the  otbnr  (roe  and  i«olat«d. 

5}.  Eartu  CoNKKcnoH. — In  working  an  clcetrioal  maohino, 
wa  must  load  a  cliaiu  fhini  the  mbber  to  tho  floor  or  giwpiut!, 
or  w«  obtoiu  oclv  a  alight  HTcot.  Hence  thu  i(l«*  that  we  moke 
a  oonneotion  wita  the  mass  or  snrfaoe  of  tho  earth  itself.  But 
m  learn  from  i  50  that  wo  roally  form  a  Ditiueoljon,  by  moana 
of  nodorately  good  conductors,  with  th«  ttatU  0/  Ike  rwom.  llie 
TDom  becomeB,  m  faot,  a  large  Lvydon  kr.  of  which  the  diok-c- 
trio  air  repreaents  the  glass.  The  charged  bodies  or  i>rime 
condnotor  form  tho  inner  coating,  and  tho  walls  of  the  room  the 
4XBter  ooatiog,  wtlh  liuoa  of  foroo  connecting  them.  Dnt  tbo 
•o«alled  **o)uilga"  on  tbo  «Dall  niirfMO  la  venr  ajijmn^iit,  whila  ■ 
the  aqtial  oliai^  00  tho  vrMilt,  being  of  much  low«i  deant),  ilUiek 


not  numifott  it*  proM!no&  Tlio  molecular  tkeoTy  does  away 
altogether  with  tliii  Kujuioaed  funotion  of  the  earth,  wliioU  nsolly 
act«  aimply  aa  any  oUiur  cuitduotor  does  in  dynaiuio  olootricity, 
and  ha«  nothing  ut  all  to  do  with  static  electricily.  The 
"  earth "  oonnootiou  nhould  bo  regarded  as  a  koto  or  binding 
screw  winraon  to  all  the  oirctittM  which  may  he  oonnoctod  to  it. 
54,  ScnnonsDiNo  Surfiois. — Fig.  11  shows  +  the  diargod 
body,  willi  itM  luoleculcB  praaratiiig  their  +  ends  ontwaras; 

a  is  tho  cnrth  connection 
fio.  II.  convpj-ingthoiwlnriitation 

to  the  whUm  of  tho  room. 
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trhicJi  MTU  thus  r«iidorod 
— ,  and  b  h  are  the  uolo* 
ciiluH  of  air  forming  the 
linoH  of  force  or  polar 
ohuinR. 

This  explains  why  any 
oue  near  an  olectiiofd 
mnchine    in    action    «x- 

fiorionoQB  a  poculiar  ting- 
ing sensation.  His  body 
is  in  tho  path  of  polariza- 
tion, and  as  be  i«  a  better 
conductor  than  the  air,  a 
good  put  of  the  circnit  is 
oonocntratod  in  his  body. 
Tb«  Hoiall  Hiiperfiolftl  hnii* 
rino  and  pntnt  on  one  side  to  the  noareat  wall  or  iithcT  bodios, 
ami  on  the  uthur,  iviih  etill  |;reiatL<r  iutiintiily,  to  Ibu  luitehinv. 
This  bappiina  even  if  he  is  inHulatod,  but  if  he-  ia  in  cDnneolion 
with  the  floor,  tho  nearer  he  atunds  to  the  nmehJue  the  wore  ho 
represents  the  outer  ooatin^;.  He  ia,  in  fact,  electnfied,  not, 
oa  might  Ixt  supposed,  by  tho  niaohine  and  with  the  electricity 
of  tho  conductor,  but  with  tho  opposite,  booaoso  be  ooniplotas 
the  polarized  chain,  while,  if  insulated,  he  will  be  +  on  one 
side  and  —  on  tho  otJicr.     T[enoe  we  find. 

(0  ^^  "'^^  etfflrieily  it,  in  eqnnl  quaniity,  digtributtd  over 
another  turface  tfiiaraled  from  thejirtt  6y  n  Hi'Urlrie  in  tohich  th«r« 
«xuUi  afitM  offorw  dnv  to  (Arw  two  equal  npporite  charge*. 

ThuN,  when  another  insulated  body  touches  tho  firxt,  it  doea 
not,  AH  gi-nenilly  snppnKt.tl,  tiilec  part  of  its  fnie  oloctricity.  It 
aitnply  onlnrireN  the  "  inni;r  coating,"  and,  of  conmo,  in  doing  so 
propiirtionatvly  hiwent  the  "diMiHiiy  "  of  the  churgo,  tJiat  is,  tho 
unmber  of  linni  of  force  upon  n  given  area. 
//.  /jmecriox. — Tfaia  tunn  in  so  frMiucntly  employed  in  oloo- 
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tiTrllv  iliat  it  it  uoocMU'jr  io  d«6no  fnlly  tho  Moa  tt  ia  intemUd 
t>  GcQcnilly  it  may  bo  mid,  that  nny  luolcciilo  when 

. . ..  <  d  "  Muct*  nil  oth«r8  within  it«  iafluonco  to  futlow  its 
i>l>\  that  in  Io  tuiy,  employing  ih'j  true  tncaaing  of  llw 
••ni'L,  it  draim  (kirm  JDto  the  khm  Hystomfttio  ordor:  in  like 
lUKutirr  a  irnignot  ukIuav  oukgiuiti«in  id  DOigfaboiiring  l)odi<« 
HUKvptililo  of  K-ooRiin^  mugnotio,  and  Ml  elcotrio  current 
Mdanv  a  cnnvnt  in  ni'igli)Hjuring  coadnctor*.  This  rrsMlta 
frnffl  Ibo  eonvtitiirinn  of  tho  mt'lrcnlt;,  S  jj,  wh«n  under  the 
iuHunooc  of  ** pciUriatioo,"  which  dirt<r(s  part  of  it»  onci:gy 
Mtemilly. 

Id  Fig.  12,  <i  in  Ihtt  primary  moleGalt!,  whonco  tho  pokriuiig 
rofuo  wt*  in  hotb  <lirv«tioDH,  vkI  on  cadi  Me,  tnduein/j  its 
Balsfabonr  to  tsm  towKrds 

Via.  li. 


eomplote    iU  /^ 

.  cotlpction  of  ■■■  0 

rpptwwnln  the  ^jr 
a  m  eoocl  cor-        'A^ 

a    ilieUvtrii',  ^^ 


it  tho  fide  for  which   it 
haH  lh«  gTMt«r  attrnction. 
Tboa  it*  4-  «de  acts  oil 
tb*  iool«euiM  b  and  it«  — 
on  th«  molooulM  c,  MwkinK 
on  each  Hide  tlie  ahortvdi 
ooanw     to    eomj)1ote    iU 
chain.     Tho 
molooalca  rf  rrptcMnir 
mMBgo  fr>fRi 
daotor   into 

aa  from  a  cfaai;god  Murrace 
into  air. 

Hot  tho  term  "  indiio- 
tiot) "  ha*  ahiohooQ  applied  tu  what  would  bo  a  tKCwd  prtMlactiob 
of  cU'Otricilv. 

Smoo  it  h'lw  been  toooguiwxl  th»t,  on  bringijig  a  mirfncB  near 
Vi  a  ehargod  body,  n  cJtargo  of  oiipoaite  nanio  appeata  npon  it. 
thia  i:hargQ  ia  oomiaouly  said  to  lio  "  iiiduocd  " ;  eo  alvn  in  tho 
chu^  on  ihe  Kurrouuding  wnlbi  nld  to  Ijo  *'  indnccxl "  by  tho 
ehnrgud  toxly.  This  is  a  conneqiuiice  of  tho  errnr  an  to  tho 
action  of  tlw  earlh;  Bret  we  nro  anppoBed  to  aoparate  uuntral 
( +  _ )  und  place  +  on  tiw  \>oiiy,  while  driTtng  -  into  tho 
r«rth,  wht-n.-  it  dtipartB  to  "  eomtwhero  abnnt  AuKtrnlia  "  m  od« 
wrilnr  oxpbiins:  bat  ihtti  this  +.  obJMtinK  prolmbly  to  iUsuU- 
tary  i-xistejiiw,  "indiice«"a  -  cbar^  to  keep  it  company  on 
(bf  Willie:  whether  it  i«  tho  oame  —  come  lack  from  Auxtmliu 
it  ai.t  Mpbilti«l.  But  thi)>  ia  not  induction;  it  is  the  prininry 
ftct  of  cJurpi — a  dnal  action. 

jf.  It  i»  d(«imble  to  dnoribe  now,  tho  more  (-.werful  aouroea 
of  tteclrra'tj-  und  the  taonoa  of  iDOMaring  it,  \KfoT«  tut^^MA 

to 
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following  out  tUo  theoretical  principleB:  but  1  do  uot  propoHo 
to  oooupy  6paoe  by  deecribing  iuBtmmcnts  which  ftro  folly 
described  in  all  iho  toit-book»;  It  i§  not  likoly  that  this  will  bo 
tho  only  book  accessible,  and  theroforo  it  is  hotter  service  to  my 
readers  to  refer  theu  to  othors  as  to  such  univerBal  and  sitnplo 
inatteTB,  «nd  occupy  sp&oo  hero  with  subjects  they  do  not  find 
in  every  other  book.  When  dealing  with  such  subjects,  it  is 
because  they  form  part  of  a  noooesary  lino  of  oxaminatioa, 
or  in  order  to  fnraisii  informalion  which  may  assist  readers  in 
makinj^  Ihu  instruments  for  theuLsoIvos. 

Kkciiical  machines  ai'e  of  two  distinct  olasaes: — 

(l)  Frictioiinl  maihinee,  in  which  the  eleotrio  is  constAully 
excitod  by  friction  and  as  constantly  discharged  into  a  reservoir 
of  force ;  this  class  includes  tho  plato  and  cylinder  maofaincs. 

(a)  Indwfion  machincg,  which  opor&to  on  tho  prinoipleo  of  the 
eleotrophoruH,  nccumuhiting  a  succession  of  actiona  till  a  feeble 
initial  charge  attains  tlio  full  power. 

57.  FniOTioNAL  MiciiiSKK. — Tho  principles  of  the  frictional 
maciiiue  are  thoso  laid  down  §  27.  There  is  (1)  The  electric  to 
be  excited,  the  plate  or  cylinder,  (a)  Tho  exciter  or  rabbor. 
(])  The  meob«Hical  motion  generalini;  friction  and  supplying 
energy.  (4)  The  circuit  of  polarization,  which  bore  includes 
the  "separation,"  bocauso  part  of  it  must  be  non-conducting. 
(5)  The  reservoir  of  force — tho  prime  conductor,  as  it  is  called, 
but  which  is  stiicUya  partof  the  circuit  of  polariaation. thotigh 
moit  conveDiently  considered  separately. 

Tho  electric  is  usually  glass,  (tuttapercba  may  be  used,  and 
has  been  employed  in  the  form  of  a  band  strfetohed  between 
jiulieys:  electrical  machines  bavo  been  thus  generated  un- 
intentionally in  mnnnfactorice,  and  fires  have  been  caused  by 
sparks  given  off  from  belts. 

The  best  electric  is  ebonite,  but  its  surface  deteriorates  after 
continued  friclion.  It  is  subject  also  to  tho  formation  of  a  film 
of  sulphuric  acid  upon  its  rarface,  owing  to  tho  ozone  produoed 
when  the  machiuo  i»  worlud,  whioh  is  the  cause  of  the  peculiar 
smell  perceived. 

Tho  hardest  glass,  containing  most  silica,  ia  best;  crown 
glass,  such  as  window  sheets  are  made  of,  or  that  from  which 
oommou  palu  green  coloured  bottles  are  made,  is  better  than 
fiint-gUisa.  A  cylinder  machine  may  be  made  of  a  large  bottle, 
if  ouo  is  seleoted  with  straight  sides  and  polished  surface ;  a 
rough  florfaoe  does  uot  generate  electricity  well,  as  only  the 
salitmt  pOTsts  come  in  contact  with  tbo  rubber. 

Theao  oiitcbi^a  are  so  little  uec<l,  now  that  tlie  more  effoctif 
"/rj£ucuoe  laacLincM  "  an  ao  IDUoh  iuijiTO'««<!L,  VWt,  vt  ia  : 


\ 


txPHrmx  ic4cniMi». 


85 


58.] 

to  occnpr  npaco  with  dotAilE  of  ooiutrooHon  which  cut  be  found 
it)  unj  of  the  oUor  oloctrical  Ixwks. 

jS.'  laitwcTiox  MAoui:(KS.'-Th«  Mcond  groat  divialon  of  eleo- 
Irical  macliiuve  is  baeol  tipoD  tlio  piincipto  of  the  el«ctro- 
)>l)oms:  tfaore  is  a  nnall  initial  charge^  from  which  a  tDorini; 
pUt«.  i«fir«8ealing  tho  ouvcr,  ukvn  a  nnooeMion  or  ohuges, 
Uam^omng  thorn  to  a  condcocor  or  oondoctor.  which  in  turn 
racts  Dpon  tho  original  charge  and  gradually  raiaos  it  toa  high 
tension.  In  tfa<«o  inatramonla,  oluough  tlwn  ia  no  direct 
biclion,  there  is  eot  np  a  rvaistanoo  to  notion  by  thoco  electrical 
aottOQB,  wtiich  tiansfonn  mcoliunical  tatrgy  into  oleotrical 
«nerf;y  with  all  it«  effects. 

Tho  original  of  all  the  various  forms  n-ii»  Varloy's  ciultinlior, 
in  which  was,  for  tho  firet  time,  opiilii-'t  tho  prindplo  of 
"  accumulation,"  which,  applied  alno  by  Ur.  Vnrloy  to  tho 
tnagn«Io^lc«tric  machino,  ia  tho  fotuidation  of  thu  jwwtTrfbl 
(^emtan  of  current  electricity  now  in  uko.  In  tlio  gou«ratoni 
both  of  static  and  dj-namic  elootricily,  tho  priiiciple  is  that  a 
email  initial  charge  can  bo  tuwd  to  convert  inoohanicat]  energy 
into  electrical  energy,  and  to  dcvcton  a  high  force.  Tho  priu- 
oijilu  may  bo  nndentoo<l  by  moanx  of  Fig.  1  j,  £  P  are  plat«3  of 
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nrial  (which  in  tiio  instruincRt  were  arranged  in  a  row)  in 
fnmt  01  which  the  plato  C  (which  oonvsponda  to  tho  electro- 
pboroa  oover>  can  rotate,  llio  plate  ie  carried  on  an  insulnting 
arm,  bol  with  appliancca  to  connect  il  nt  proper  intorvaU  to 
**  iMTtL  "  which  ia  milly  a  xcro  point  indicated  by  i,  to  which  0 
can  be  coDoect«<l  at  tlie  r<M]uired  moments,  oe  also  can  othor 
platUH  aimilar  to  E  F  ;  a  ainall  charge,  such  as  may  be  obtained 
l>y  rubbing  a  pic<«  of  olwnite,  u  put  upon  £,  which  repTvaenUi 
the  chutrophoniB  face,  which  wo  will  consider  as  being  in  a  -|- 
■unditioD.  C  being  connvclod  to  x,  which  reprcmnts  Uio  back 
ur  sole  of  the  olectrophorus  at  this  stage,  of  conno  takw  a  — 
obarge  cnxoA  to  Uie  +  on  R.  V  is  now  moved,  bn^akinE 
oouaection  with  (,  and  c«rrie«  itM  —  charge  over  to  F,  with 
whieh  it  makes  momentary  contact ;  contact  with  i  fuUowin)^  a 
^  charge  is  indoonl  on  0,  which  it  in  like  manner  camus  oa 
mxA  adde  to  thaf  i>a  K.    Ja  tho  iictual  iustrunieuLt,  ot  otKUtA^  ^^A 


oliurges  which  ata  indtioeil  upon  0  Jiivolvo  »  oorrcsponding 
QPIKwito  quantity  lrani)r(.-rr<:il,  by  niouns  of  u  UtmiiontTT  con- 
nci-lioii  to  X,  til  aiiuther  Hot  of  pUttts  Hiniilur  to  E  F,  iu  whioh  tho 
Kaino  nvrivs  of  diiisations  ate  carried  on.  At  k-ii;tth  tlio  diat^ 
ritual  to  tlio  full  "potential"  of  vhicU  the  insulation  of  tlie 
inalTuincnt  admits,  aud  then  tbo  eloctricity  ovcrHowa  into  tiie 
external  olrouit. 

TlioHc  pnticiples  liaro  been  Applied  to  a  Tnrietr  of  umdhiiioa 
ooQfttructi.Hl  by  Holx,  Tii|ilcr,  Voss,  and  otlioia,  and  a  rery  small 
form  ia  employed  in  tli^  elaboiato  elcctrometcm  on  the  qnadratit 
piinciple  of  Jiir  \V,  Thoiu§cD,  f  75.  for  ths  piirpoto  of  maiti- 
taiiiinj;  tho  oleclric  charge  upon  tW  Uiovinf!  Hyatem.  Theau 
tuacbinrs  ai'o  fully  deaciibed  in  most  of  the  test-booka  of 
electricity  anil  of  pbysics,  eo  that  I  will  only  i^lve  a  full  do- 
scriptidii  of  tho  latest  and  probably  tho  tiio«t  afttiafactory  form, 
which  i»  cAsily  m.tdo  by  any  uno  with  moderate  tkill. 

59.  Titc  WjjiNiiuJiKr  Maciii.sk. — The  groat  distinction  between 
tbiH  and  its  prodcctrMon,  tbo  Hols.  C'iht^,  Voks,  and  other 
Indiiciion  or  Infliicncomanbincs,  is  that  bolh  plates  rotate  in 
oppoBLto  dirnOions:  the  offrct  is  that  whilo  in  the  oldvr 
machines  one  plate  was  tho  Induter,  cunospoudint;  to  the  field- 
magnets  of  djniamo  machines,  and  the  other  tbe  inrluffd,  corre* 
Bpondinj^  to  thoir  armature,  h«re  «-ach  plate  ptays  alleruAtely 
each  pari,  as  the  tcctors  chati^^o  relations;  also  tbe  speed  and  the 
rato  of  reaction  arc  ]<r«vtica)ly  doubled:  henoe  tbeie  is  more 
Certainty  of  excitement,  n  more  rapid  attainment  of  full  power, 
and  less  liabiH'y  to  loss  by  inoitttirn  in  tho  air. 

Fig.  14  will  explain  the  eonatniction  if  tho  principlea  f[oteru> 
iiig  Miob  part  are  thoronghly  undcn'twKl.  Tho  frame  may  bo 
made  of  any  bard  wood,  which  may  be  treated  as  in  S  29 :  It  la 
nhdwn  Htoiiding  on  fi-et  high  enough  to  allow  the  driving 
whc<d«  la  lie  motint«d  under  it,  working  in  slols.  These  two 
wh<y.dM  are  attached  to  an  axis  which  may  bo  of  hard  VTood  or  of 
metal,  fitted  with  an  ordinary  driving  handle ;  they  sbodld  b» 
fixed  as  far  from  tbe  plates  as  tbo  atand  allows,  at  least  )  inohM, 
and  niiTK  in  prnportiou  to  intended  length  of  spaik,  so  aa  to 
J)  re  vent  iiidf  diseharKea. 

Co.  Tin-  «(«(i((«rc(ti  alionld  bo  more  conical  than  is  shown,  to 

ftivo  steadinesfi,  and   shunld  be  very  oarefnlly  morticed  into 

the  stand :  the  tu]«  should  be  made  removable,  eo  aa  to  form 

cininp  be«riij(p>  for  tlie  t>|diidle,  aa  thin  fncilitalrs  the  rvmoral 

*'  tbe  platen;  but  mere  Imles  are  commonly  used  to  place  1fa4 

'P'-'le  in,  and  tlicv  should  be  oxaotly  Jerol,'aod  of  snob  ciu  M 

*«e"ulte  a|iind!e'iiimly. 

*'•  i;tf  f/ftm//e  ia  leBl  jaadc  of  etco)  wiio  or  loci  J  incb  tliiok, 
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vrbkt)   ts  obUiuable  BlTai;;)it  oiul  jH>liHhodi  it  nliould  ]iroj« 
hftlfwi  iutli  or  HO  bejoud  the  !iUi!ilunL<  to  curry  tlionoutriilixing' 
r>*\»  na  ahown,  and  3  pk't.vt(  uf  ntdul  briuui  lulling  littiiig  fiocly 
•hould  1*0  obtained  to  nerve  as  btuliL-n  or  beikriogv. 

6l.  Tbo  bMJ«f  ur  bnba  of  tbo  iIukh  u«  nLad«  of  hnnl  wood 
boivd  to  rconive  the  brass  tube  jiut  lattutioncid,  which  «hotild  b« 
firmljr  secured ;  tJiB  length  of  the  \xmt»  shmld  b»  »iioh  wt  juiit 
to  run  freely  and  steadily  on  the  spindle,  and  they  ahould  bo 

Siven  an  omanental  ontliuu  and  be  fltt«d  at  the  outer  end  with 
riving  piilk'VB  about  one-tlurd  the  diauoter  of  those  on  tlie 
driviu);  bhaft;  V  i^rooTea  in  all  the  wheels   receive  driving 
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hands  of  roniid  lenthor,  such  as  nro  used  in  sowinf;  miM-hiDca. 
The  fVoDt  oar  simply  mns  over  the  pullcii's,  whiln  tho  Ixtck  one 
is  crossed  so  as  to  drive  the  discs  in  oppwitt-  dinioiions :  the 
cads  of  Iho  bandi)  should  bo  i^tit  sloping,  iihcrd  ou  each  other. 
with  a  little  glni?  or  co«tgulino  h«;twc«n,  and  oont)  togother  so  OB 
tc>  eivn  a  sutooth  ji'int  and  avoid  .icrks  in  driving. 

I'be  inner  end  of  the  1n>«  sliontd  be  tamed  off  im>  a*  to  form  a 
SangD,  U'  reofivv  the  disc,  of  tmfficioot  depth  to  enable  the  glasi 
to  tie  firmly  hold. 

Si.  The  dun  shmitd  bo  mn*\&  of  good  windoW'glaK,  ecVttC^ 
MCTOotly  flal,  I J  itnacv  glaim  i»  thick  euoii){ti  tip  l«  \ft.\Ti^ 
dltcv.-  it  u  Jeainbif  to  tent  its  oJectrical  cliaractet  loi  i«w3l'3 
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exciting  and  ntutining  power,  M  glaM  diflbn  muoli  ia  tlieso 
reepecta,  and  vroU-cotiHtruoUjd  mooDinen  luivn  fftiled  to  act| 
moToly  bccatiso  the  gluii  wns  not  good  clcotriually. 

A  kolo  about  an  inch  bm^'om  should  W  cut  in  thu  coiitro  of  tbo 
liiec  to  £t  OD  th«  flango  ot  tho  bow,  to  which  it  ithould  bo 
nttncbi'd  by  coagulioo  or  tho  ocmont  used  for  tlio  iyrea  of 
bi<-yctvi<i,  and  it  ia  an  adrnntago  to  make  tin:  butMufi  «hort  oiiougb 
to  allow  K  iUko  of  cboDito  ijr  vtik'an!»;i]  Gbiw  to  \>o  oomeDlod  ovur 
tho  gloBS  and  ond  of  boss,  with  «tuitll  itdrcwK  c-nliiring  the  l>oea : 
ft  C"iiplo  of  Miuall  waishr-ra  of  vuti^«nin'il  libm  of  anitablo  thtolc- 
cuut.  on  tho  middle  of  Ihu  spindh^,  will  luljuKt  th«  dintauce  of 
tbi;  ]>Uti:K  (ind  diiiiiiiisb  friotioD  iD  ruiinJiiK. 

A  iNifur  way  of  nicittiitiiig  ia  tn  makt!  tho  central  holo  larger 
tbuu  the  boNK,  to  turn  a  fliingvcl  wanhcr  df  vnleiiuiutd  fibre  to 
lit  tho  hole  ill  the  glaf^s,  and  aftt-r  tlid  two  huvu  Im.-i:ii  winoiitcd 
logi'thur,  add  th<.<  iuni;r  uuvt-ring  Uiku  ;  in  ihiit  wny  the  attach- 
iiifiil  tu  tho  bueti  i»  made  with  t)i»  fibrti  and  tliori*  ia  tto  risk  of 
K|ititling  tba  diso.  Other  uiaffTi'ii/c  niaj-  bo  unc-d:  (-bonito  nutkva 
a  guoil  dido,  but  witli  tht-  defocta  nicntiouod  S  57.  Brown  paiwr 
board,  woll  driud,  parafSiu'd  and  vaniialiinl,  may  in.'  uood;  but 
inicn  ha»  bucn  tried  ikud  douK  not  anKwur :  ntilTiiUNH  in  tiio 
matt-rial  i*  (»>>antial,  ai>,  if  floxibli',  tiw  two  dijica  draw  together 
on  tho  vertical  lino  wlic-ru  thi-ir  elect ricnl  states  are  opiiottiu*,  and 
Hcparati)  (iD  the  horiztintal  line  whiTi>  tlii-y  are  under  niiuilai' 
cluutriti  oundition-1. 

The  diHCi  Klioiild  be  warmed  and  coated  witli  Hh<il1ac  raniinii, 
which  iH  beat  applied  by  rotating  the  plate  on  an  upright  rod  to 
fit  tho  bui>a,  using  a  large  flat  brntdt  charged  with  vamiidi  ouuiigh 
to  coat  Ihe  whole  of  one  nide  of  the  dim: :  the  Inciting  !h  beat 
effouted  by  an  iron  plato  juat  bcluw  the  diao,  with  a  Bunaeii 
burner  or  two  below  the  jilate.  Thla  givcji  equal  heating 
without  riak  of  apUttiug  tho  gliuui. 

£4.  Tho  teetc/n  are  made  of  stuut  tin>fuil,  but  soft  white  melal 
or  lattcQ  braaa  may  bo  used.  They  tibuidd  be  cut  all  aliko  by 
in(.-auH  of  a  toinplet  of  alicet  tin.  Thiir  length  inay  be  soDie- 
what  lean  than  one-lhird  the  diameter  of  the  dtttci  all  their 
eoniera  should  bo  roimded  olF.  and  llii-y  tihould  be  mounted  on 
true  radii  and  exactly  oriuidinLant,  so  that  thosi?  on  the  two  dieoa 
exactly  correspond  in  all  ponltiens.  The  easltut  method  of  mount- 
ing is  to  careluDy  draw  the  whole  diao  on  a  ahcet  of  cardboard, 
with  uiroles  ahowug  the  inner  and  outer  bounds  of  the  sectdra  and 
disc ;  tlion,  placing  the  diao  with  ila  inner  faoe  on  tliis,  attaoh 
the  eectora,  which  may  Iw  fixed  by  coatiug  them  with  shellaa 
nuT/isb,  aaJ  ttpplylug  them  to  ihe  glass  when  nearly  dry  and 
j'aat  fit  to  adberr.     When  fixed,  a  ring  ot  vatuinVv  tkuuVA  Iw  run 
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over  the  ends,  or  orer  the  whole  Hao,  ezoept  a  oinle  nmln  the 
oooUct  bnubes. 

The  seototB  m«  genenUy  nutdc  oat  of  fint  nieUl.  Init  prolnlilj 
it  iroold  be  en  impiOTemeot  to  rauu  a  ridgo  or  huttoo  to  tnnko 
eootect  with  the  brwhes,  which  oould  l>o  dono  hy  oomeiiti&g 
eolteblj  formed  piece  of  metal  on  the  diao,  *ud  entbocsing  tike 
Ibil  OD  a  wooden  or  metal  mould  to  fit  it 

The  number  of  eeotors  variea  with  the  effect  (loKired ;  with  a 
large  number  the  machine  is  more  oertainly  Ai-If-dtarging,  t>itt 
length  of  Bpark  ts  obtained  by  reducing  tbu  uutnberi  fmtu  12 
to  16  is  the  nng«  for  a  di»o  uf  16  or  18  iaches. 

fi;.  The  netUraHein^  bnidiet  hxv  modo  of  say  10  very  fiit«  wiree, 
•oft  but  eUntio,  K-t  into  holee  drilled  into  the  end»  of  tlio  Ixmt 
rodti,  or  tnoniited  in  vety  small  braw  tubce  tiliding  in  IioUh  in 
the  ends  of  straight  rods,  whinh  will  enable  the  distanco  to  bo 
ai|jiuted  exactly  to  make  contact.  The  rods  may  be  roughly 
made  of  brass  wire  twisted  into  a  helix  of  }  or  4  turns  at  the 
middle,  to  elasp  the  sjundle  upriug  ti!;ht,  and  in  like  manner  at 
the  ends  to  hold  the  brushw ;  or  they  may  be  more  matoively 
made  of  thicker  rod  fittetl  to  a  tube  sttdiiig  llriuly  on  the 
afanille.  Their  poeilion  may  be  varied  according  to  working 
oowlitions,  Init  too  fhxnt  and  back  rods  muHt  bo  at  right  angluo, 
and  till)  4  tinmbcA  make  oontaot  with  their  wietors  ut  tliv  snoio 
litne,  and  can  ithmild  be  tAki.vu  that  all  the  wirea  of  t^o  Imuhes 
do  their  work,  and  do  not  point  away  from  the  lino  of  contact, 

66.  The  eoUccion  or  jtrisM  eoi»dnelan  are  balls  or  cylinders 
wKh  roDuded  ends,  made  uf  brass  ur  of  wood  covered  with  fuil 
or  gold  leaf.  They  are  monntocl  on  insnlatlnff  sterna  of  jjlaas  or  , 
ebonite,  or  aa  detcnUid  $  19 ;  iu  some  caaoa  the  Leyden  jars  are 
vaeA  to  form  the  tnipporti ;  the  collecting  combs  may  be  formed 
of  U-nhapcd  rods,  or  in  aeuarale  rode,  extending  the  length  of 
the  BootorB  and  furuiidioil  with  a  row  cf  >harp  points  extending 
to  witliinone^igUibornn  inch  of  the  discs.  Theeudsof  Ihenxli 
abunld  tvnninate  in  IioIIh,  and  it  Iti  au  adraotage  to  enclose 
them  in  an  i^UMiite  or  guttapercha  shield,  like  a  >,  extending 
u  far  aa  the  points. 

The  di»<hargituj  rodi  are  shown  in  Fig.  14,  as  mouutetl  upon 
the  priino  mndiictons  in  whidi  (buy  turn  ao  at  to  control  the  ■ 
BparKing  distance;  but  tliey  niuy  he  mount<d  aa  rods  sliding  on 
balle  at  the  enda  of  the  prime  cuuiliK-Mm,  or  they  may  be 
uottnted  on  a  dixchaTgiiig  table  wholly  detached  fiotu  the 
maobine,  and  electrically  oonnecled  to  tlio  prime  oondnoton  b^J 
flexible  wires  cased  in  gnttaperclia  or  indiaiiiliber  tubes. 

One  of  the  prime  oondnotunt  is  in  a  -f-  state,  nnd  U\q  n^hssi  — « 
and  tJio  hmlh  on  t&v  itiiKbargiog  rods  Bhould  ia&ec  'w  KUft,  ^^!A 
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ooDsttmt  for  nil  spoods  ofioUtioii:  tltitsIiiltcritromH  iloul>tf(il. 
It  WM  ftlfio  foniid  tbat  tho  rcwtaoco  viui  Dcaily  inversely  pro- 
portional to  tho  apood  of  rotation,  being  idto  tiit'gohms  at 
1 10  per  tninntc,  and  6^6  megohms  at  450  rovolutions  1  tbis  nlso 
aeoius  doubtful.  It  may  be  quwtionou  wlwthor  tho  ordinary 
idoiu  of  cloctroinotivi>-forco  and  roostunco  ai«  at  all  applioabfe 
in  tbis  coflo ;  whether  tho  curront  i»  uot  a  more  enocoBuon  of 
iQoloouUr  impuWa,  tho  elect romotivi-foix*  of  whtoh  ie  oon- 
irollod  by  tho  conditions  of  the  oinmit.  This  would  rc»ult  in  a 
oiirr«nt  proportioDut  to  rato  of  rotntion,  fur  which  tho  rcsiatance 
nnd  tho  elcctromotivo-forco  might  bo  both  really  oonstaot ;  that 
in,  tho  rosistanoo  cannot  bo  caloiilalod  by  Ohm'a  formula,  and 
tho  ol«clromotivo-forco  varies  only  as  to  tbo  period  daring 
which  it  LB  effective. 

72.  E).BCTROUGTeiis.  —  Tho  instmmonta  doscriWl  S  30  only 
indioato  tho  presence  of  oloctxicity ;  thoy  do  uot  distinguish  it 
ail  -f-  IT  ~  <  and  only  give  a  rough  indication  of  its  dogroo ;  bat 
to  get  aocurato  information.  Eomothiug  more  oxact  is  needed 
Iwforo  etudjring  tho  actions  of  electricity. 

ili-nlcij't  Quadrant  is  scarcely  nioro  than  an  elcctrosoopc,  but 
is  easily  mod^,  and  useful  for  iuilicatiog  high  charges,  oa  for 
Httaohing  to  tUo  conductor  of  a  moohiuo  at  work.  It  is  a  wire, 
carrying  a  plate  of  ivory  or  card,  upon  which  a  qunrcor  circlo 
of  degrees  is  drawn ;  a  pitli  boll  hangs  by  a  fine  thren<;l  from 
the  centre  of  the  circlo.  The  wire  should  bo  curved  and  fitted 
witli  a  liftll.  against  which  the  movable  oEo  will  rest,  with  its 
thread  cutting  the  vertical  line  of  the  quadrant.  Tho  ball  is 
driven  oat  to  an  extent  deiiendent  on  its  weight  and  tho  poten- 
tial of  the  charge,  in  ratio  of  the  tangent  of  the  angle. 

Barrii't  is  a  more  delicate  modification,  in  which  a  wiro  is 
attached  to  tho  centre  of  a  circle  carried  by  the  oonduotiug 
wire,  in  sach  a  wuy  as  to  arrange  a  ball  at  each  of  its  ends  on 
opposite  sides  of  the  zero  line ;  the  moving  system  is  a  wire  or 
a  straw  with  a  ball  at  each  end,  pivoted  on  a  centre  pin,  so  that 
it  can  rotate;  in  ihis  case  th^re  is  not  the  whole  weij;ht  of  tho 
i.me  ball  to  raise,  but  only  so  much  as  the  lower  part  cxoceds 
the  upjwr  in  weight. 

7j.  Coulomb's  TonsioK  Klecthohbtei!.— This  instrument,  by 
which  tho  lowB  of  attraction  and  repulsion  were  fully  examined, 
is  de8cril>cd  in  jjumt  of  tho  older  works,  but  is  little  used  now. 
it  consiats  of  a  gf^H  cylinder  with  a  circle  of  degrees  marked 
around  it ;  a  cover  (rf  wood  carries  in  its  centre  a  glass  tubo,  on 
tho  top  of  which  in  o^uother  loose  cover,  also  groanated ;  from 
this  hsnj^s  •  mlk  or  glnW)  thread  carrying  a  stirrup  of  paper,  in 
n-hicb  can  fcp  pLicod  a  iDSiKnct,  ot  k  to4  o(  sVtV^wi  earrsing  pith 
one  of  %^ioU  is  gilU     h.  \i(i\ii  'to.  ^Jwh-wmw 
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rIIowh  a  timiUr  rod  wtUi  n  gilt  ImII  of  mme  »\r.e>  (or  n  Inr  aiftt;- 
t.  for  nagDatio  uxiKTitnento)  to  be  inMTlecl,  «n  tw  tn  luiiko 
itoot  with  th«  eitei>wilod  ball,  wUeu  this  is  <>)>pcwli>  Uio  utro 
jgndaatioD.  At  first  attraction,  uid  then  repuldou  oooun, 
hicih  XB  iiusa  re«Bt«d  eo  w  to  retlaoe  it  td  a  fixed  (kgrm,  by 
mii&g  tbanpur  cover  carryirig  the  fibre;  euppoee  tlw  angtii)  of 
polnmi  be  ^^,  and  it  is  reqnii^d  to  Kvdnce  it  to  1 8^  aod  that 
Uw  stmor  pointer  hm  to  traverm  t  zS'  to  olT<^t  tliia,  126+  18 
=  144  ta  the  angle  of  tonioo,  and  gives  tbe  mcofiiire  of  tho 
obargo  in  tho  terms  of  the  p*rticnlar  instmiuetit. 

74.  BalakobElkotiioiibtkb. — Sir  W.  ilarriB  devised  an  ai'pA' 
tas  which  isan  nrdinaiy  haUneo,  oneof  tlifl  pane  of  whieli  bi 
a  diao,  balow  which  ie  an  ia^tiUtcd  disc  of  the  Hiine  riia,  which 
in  charged  from  the  prime  conductor,  and  tJie  atlraotiro  force  ot 
n'inR  distancca  maj  bo  thus  weighed. 

bir  W.  TbomaoD  baa  modiOod  this  by  adding  a  largo  giinrd 
ring  oat«id(i  the  movinf;  plate,  to  do  away  with  the  cfloct  of  tlie 
UDoqna]  diatribation  at  Iho  edge«.  The  moving  disc  is  attnchrd 
to  a  nalanoo  arm  by  wires,  so  that  it  playa  in  tno  middle  of  tho 
Urge  fixrd  gnard  ring,  aim  eloctrically  conncctcl  to  Ihiii  ganw 
•onrce ;  nodDrooath  is  a  plate,  aa  large  as  tho  Hug,  counoetcd 
the  oppMing  conductor,  either  direct,  or  throngh  '■  earth.** 
Ueaaurcmciit  is  ohtained  either  by  actaally  weighing  the 
tion,  or  by  altering  the  height  of  the  lower  plate,  eo  as  to 
tfaodistance:  the  position  of  equilibrium  iswithtbelower 
face  of  tb«  diao  exactly  level  with  that  of  tho  ring. 

7^.    THOHSOX'S  QCADUUIT  EuOTBOMRXn. — This OODSistS OMCQ- 

tially  of  a  cirt^-ular  plate  of  braaa,  out  of  which  ia  cut  a  central 
hole,  and  then  two  spaoos  which  divide  it  into  four  oqtial  qnad- 
rasta,  mpport«d  on  insnlating  stems  in  a  true  pUtio :  thceo  ore 
ooniMOtnd  by  wirM  into  pairs  crosswise,  ami  euuh  pair  to  a 
torminal  acrew  by  which  they  can  bo  placed  in  any  extumal 
circuit  to  be  testoll,  which  will  render  one  pair  -|-  ana  tlw  otlxir 
—  to  a  dogrce  ooirMponiling  to  the  dilT^rcnco  of  polviitia],  or 
rlootromoUTe-foroo  existing  in  that  circuit. 

76.  A  dojub-bell  shaped  plato  of  very  light  aluminium    ih 
Biid«d  exactly  ovor  tho  dividing  line,  so  a«  to  Ho  iu  the 
FmI  up  bwtweon    the  two  pairs  of  qoailmubi;     if  a    -|- 
io  charge  is  eivcn  to  this  plate,  it  will  remiiiii  undiHturbcd 
DO  eleotrio  tension  existfl  botwoon  tho  (inadnintH ;  but  if  tliuo 
)  any.  it  will  be  doiteotvd  over  to  tho  tiuadranta  in  a  —  god- 
tion,  to  a  dogrc«  controlled  hy — 

I.  The  diflerenoe  of  potential  act  up  In  tho  pairs  of 

(gnadrants; 
J.  'J'bo  di'gTttf  ofcbmrgo  giren  to  tho  nc<rd\c ; 
-    77/tt  MualaiKv  uSi'^  by  the 
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77.  Tbe  Dfioillo  U  iiBunlly  corriod  I>v  xn  nlHinitiiuni  wuo.iipou 
which  18  aI«o  flscd  ft  Bmall  mirror,  n*liii:h  ^iv<!«  thi>  ri-iiilingn  \iy 
n  InDip  nud  »cal«,  oxarllj'  m  in  tlic  nJocting  ga]vai)«iti<:tor 
to  bo  (Icecribod  m  tha  cbaptur  on  Mt-fistirwnoiit.  It  may  Lo 
siiBpondcd  by  a  nnglo  Gbro  of  Hilk  or  glsBs,  in  vrhiuh  cano  a 
Einull  inngnct  is  attachod  to  the  mirror  and  a  coolrolling  mag- 
net carried  by  the  supporiiiic;  tube,  as  in  this  galvanoiixiter ;  or 
it  may  bo  carrioil  1>y  a  biQiar  Biuspoiisioii,  oontuittiiig  uf  two 
(ibriiw  atta^-hoil  to  a  ^horL  rod  on  tho  uoiitral  wiro,  and  going  tip 
thri>i]gb  a  ttibv  to  a  iiH]ijmrt,  an  in  tho  tortiitm  inaUiimcnt,  S  7;. 
TliiK  HU])pi>rt  tnay  bu  of  varying  oomplbxity  to  admit  of  a(ljnat< 
mrnt,  by  tightoiiitig  on«  or  Iwtli  fibrea,  or  of  oontiolllug  thoir 
diniaiicw  apart. 

jB.  Tliia  being  tlm  fiiiidameiiliil  dtwcnptiou,  Um  ooiiatniittion 
may  varv  aouunling  tu  tho  dulioaoy  doairetl  and  the  fiiodaavail- 
tiblt!.  Thi!  more  jilatu  of  qnadiauta  may  ha  oxohaugod  for  a 
rliiubk-  )>lal«<  in  a  nitg,  m  aa  to  form  a  chamber  in  whidi  the 
niM'ilki  tliiut^. 

Ill  Kdidmann's  oountructiou  Uie  £at  dines  aro  replaced  by  a 
vt-rli'ul  oyliiidor  cut  into  fuur  a<-giu<;nlti,  arid  tbt-  nwidlo  iH 
simitarly  made  of  two  Vi-rtica1  m-gmutila  of  a  cylindi-r  lixM 
tugotbor  by  wireH.  P'or  chuapiKWM  and  east!  of  iiunHlrtiutiuit  by 
aniati>unt,  mcttal  might  In)  ruplacwl  bv  thin  oiin!  or  mica  gilt. 

79.  Tbe  oliargo  may  bu  givun  to  tliu  n<ii:dlu  in  various  vraya; 
it  ia  iiHually  given  by  uii*atis  of  a  Loydi.<u  jar  cuuii«cled  tu  a 
vcHHu)  of  Biiliijiuiio  acid  under  tlie  disc,  iulu  which  a  amnll 
jilalinum  wire  attuched  to  the  noedlo  dipn.  In  the  inoro 
elaborate  inattumcnta  thin  Leyden  ,jur  forma  the  baaia  uf  the 
intiirituient,  and  ia  wade  of  hu  itivertetl  f^Xntn  aliade,  tlie  outer 
jiiiii  of  the  globe  of  which  is  coated  with  foil,  while  strong 
Hulphuric  acid  forma  the  inner  coaling,  atid  aUo  aervna  to  dry 
the  air  within  the  iiiatmmeDt.  An  ebonite  cover  oairiee  the 
quad^nts.  aupported  below  it.  and  the  other  fittings  above. 

A  repitnifhfr  In  iieed  to  mnintain  tlie  charge,  which  ia  really 
a  email  influcuce  machine;  and  an  indtco/or  of  tbe  degree  of 
charge  is  also  employed,  which  ia  a  email  balance  electrometer 
of  type  S  74-  Thcw  appliances  make  the  iiiBtnimcnt  "■  abdolute," 
that  IB  to  nay,  its  readings  are  nut  merely  proijortional.  but  their 
actnnl  vuluo  in  units  of  meaanroment  can  be  aecorlaiued  when 
once  the  intensity  of  the  <<lectrio  field  produced  in  tbe  indioator 
is  known  ;  tltis  can  bo  mcusiirod  by  giving  a  known  difhrenoe 
of  pot>'ntial  to  the  qiiadrnnl  Byslem. 

Bo.  Waidiir's  ia  a  nioditication, useful  in  many  caBas,  which  ia 

^mfi]iyci\  at  the  Itrighlon  Lighting  station.    It  coueista  of  a  diKO 

(?/■  elxiaito  on  j  lerelimg  actcws,  carrying  oa  wto«  aide  a  pair 


t'l.1-  ti. 


gj.J  liRT   MLtS.  i& 

nf  kidney-abspeil  pinlcn,  f  Tmin^  n  <x)uiciil-shn|>oil  chainU'r  in 
which  thu  nt^etlle  pUyi :  ttiu  iuhiIIq  in  a  dtM!  inunntnl  on  u  light 
rod  vety  ilelicfttety  pivuiol  hy  itn  nxia  itliKlitly  itiditicd  from 
the  rerticnl,  na  aUo  la  thu  oIiuuUt  in  whiai  thv  mnllc  ]ilu^ 
Th«  needle  hiu  a  light  nonm«tnlliu  pointer  uxtonditig  heyond 
tlie  ehjunher,  and  pUy- 
ing  over  a  scale,  tao 
z«ro  of  which  ts  at  the 
wider  end  of  the  cham- 
ber, wliii^h  IB  also  tho 
lownr.  When  tlie  cham- 
ber and  the  nceille  ar« 
conneoted  to  the  two 
parta  to  bo  tvsii?!,  aa 
■ttractioQ  is  set  np  hj 
the  narrower  part  of  th»  chamW.  whicli  nttni<-te  iiw  nrollo 
into  it  against  gmvitttiuti,  th"  degn-u  of  nhii.-h  n-hiatKiicu 
dapeodB  on  the  inclinatioa  gJTeti  to  tlto  nystcin,  mid  may  ii)ih> 
be  ocmtTnlhjd  by  a  oonnteqioiM  ntrrieil  on  ttio  Ttirthcr  ami  of 
the  iic«dle.     F>g.  i$  will  explain  the  ooDatnictioii. 

8i.  DMiMK^iiKKOKira  t:iKf.-riiiascQK  had  the  lulvitnlAgo  of  indi- 
oating  the  -^  or  —  oaturo  of  tho  cbargo :  it  connxtii  of  tw  uvif 
docton  maiutattied  at  cqiul  opposite  polaritir*.  Bctwo«n  tlwm 
hanga  a  ;;<dd  li^af,  or  a  wir«  with  a  gilt  pith  Kil).  imtipondw] 
to  a  kuoi)  ffum  which  it  can  Iw  charged  wirh  tlii-  olmrlnoity  to 
be  oxAtuiued,  and  which  aia«f«  it  to  Iw  attrtu^ttHl  Iuw.(T<1h  the 
eppuaitclr  oharged  cimductor:  a  aoidc  can  bo  pinofd  U-hiiid  so 
a*  to  rcwd  the  Huglo  as  in  othvr  iii«lriimnDiit. 

In  tho  original  inatruwcDl  (he  chnrgi>  of  the  two  coudilOiorB 
waa  niitiuUhied  hy  nteani  of  a  "  dry  pile,"  but  any  constant 
Mnree,  such  as  a  Mrics  of  ainall  gnlvaitiv  oclls,  can  be  njs«d. 

fli.  Dry  PiLtx. — Tho  namo  in  erroneoaa,  1)«cau><o  thej'  are  to 
all  intents  galvanic  tiatt^rrina  of  vnormona  tvaiHtance,  dev^oping 
hJKh  potcnttui,  and  not  meant  to  generate  a  ourrciut :  tidt  th«y 
work  pnrely  by  cbdmical  aotion  due  to  the  ntoistnre  coiitainvd 
in  (hem. 

Various  materials  may  l«  ii<ed :  Eine-foil,  paper,  and  ceppi>r> 
foil  i-astcd  I<ig(  thir  will  nrrvr.  hut  the  hent  is  ooropoMd  of  ninc- 
or  (in-foil  paslcsl  to  piip-r,  thu  other  Hide  of  which  in  rnbWl 
with  finely  ixAwdtrwl  oxidi'  i.f  ninngancse  :  it  is  said  tlmt  honpv 
i*  N.'ller  IImh  p*»to ;  nttvr  dryiiin;  moderately,  a  number  of  unih 
iJ^Mls   are  laid   iu  rcgnbir  onlor  over  each  other,  and  diKca 

rH-hcil  wit  of  ihim.  iiay  i  inch  in  diameter:  th(*c  are  packed, 
the  nnnil>cr  uf  Hovcial  hundrod  pairs,  in  a  dry  ^am  U^ 
fitted  vriih  Jvww  m<ia  tightly  iSxod  over  tli«  diaos.    tiuclx  &\<A 
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roacmbles  a  ma};not  in  fanving  puUr  oain,  and  would  manifest 
thu  aaniL-  Udob  of  force  as  the  bar  magnet  dooe. 

8uch  i>i\aa  havo  k  poriuancnt  cliorgc,  -f-  at  onci  end,  —  at  tbe 
othtir,  Olid  will  act  ni'ouolcctTinscopes  ;  or  if  fornu-d  likeakorse- 
ahoe  taaguol,  with  a  ball  or  gold  l«tf  Bngpendcd  botweon  the 

EiloK,  will  luaiutaiu  a  Htuadf  vibraliou  of  tliie,  ringing  a  boll, 
0.,  for  yean. 

But  Budi  a  UB6  of  them  eventually  dcetroys  their  power :  it 
ia  developing  a  cturent  from  them,  which  needs  a  supply  of 
oiierjiy  i  they  mi(;ht.  howov*r,  prove  usefid  for  somo  cxpori- 
mcutal  work  in  which  a  prolonged  mi  uu  to  our  rent  iti  deeirod, 
as  they  would  require  do  attention.  But  their  proper  use  is  to 
intuntain  a  "  field  of  force  "  between  their  polos  ;  ov  to  servo  as 
an  electric  wand  or  touchstone. 

8;.  The  Levmn  jAB.~Thisinstnimont,aocldonta11j  Invented 
without  any  knowledge  of  the  principles  it  is  dependent  on,  is 
a  receiver  or  reservoir  of  electricity ;  it  was  originally  eon- 
sidercd,  and  U  still  often  dp^cribcd  as  though  it  were  a  bottio 
to  bo  filled  with  one  electricity,  and  provided  the  trae  explaitt' 
lion  bo  well  nnderetood,  somo  advantage  may  be  obtained  frotu 
this  view.  The  jar  has  "  capacity  "  as  a  bottle  has  for  a  gas, 
and  us  with  a  gan,  the  "tjtinutity"  which  oau  be  stored  in  it  lit 
projKirLiuual  to  tlie  prestiure  and  also  reacts  in  tiiu  fonu  of 
pressure  or  tendeucj'  to  escape  in  propurtion  to  the  uiiaotity 
contained,  llut  the  storage  is  dependent,  not  tiii  with  fluids 
u]Kin  the  capacity  or  eieo  of  the  ri'Wf/,  but  on  the  "  iudnottvo 
capacity  ''  of  the  material  of  which  Iht  neuel  u  ciinipoted.  There 
is  really  a  strict  analogy  between  the  Leydea  jar,  the  secondary 
battery,  and  the  primarv  battery  :  they  are  all  reservoirs,  not 
of  a  mysterious  entity  colled  electricity,  but  of  energy,  potential 
as  chemical  affinity  in  the  batteries,  and  as  molecular  atrcBS 
in  tho  jar ;  the  ]>lato  or  pane  fonu  of  the  jar  makes  tbiB 
analogy  more  apparent,  becatiso  such  charged  plat«8  can  be 
connected  up  for  different  purposes,  just  aa  those  of  batteries 
are.  Tho  bottio  form  was  nccidentaliy  osod  in  au  experiment  as 
to  the  action  of  oloctricity  on  water:  it  is  the  be&t  for  elec- 
tricity at  high  potential,  because  its  closed  fonn  gives  most 
rL'sisCance  to  discharge.  It  consists  of  a  glaas  or  ebonite  jar, 
eoveitd  inside  and  out  with  tinfoil,  except  at  the  u])per  part^ 
where  the  snrfnoo  should  bo  Tarnished ;  it  stiould  have  a  cover 
of  insulating  material,  in  the  centre  of  which  a  brui>a  knob  forms 
till'  conductor,  connected  to  tho  inner  coating  bv  a  wire  ter- 
iiiinnting  in  a  soft  wire  brush  or  piece  of  metal  cuaiu.  Sheets 
of  ^liiM  or  ebonite  coated  on  both  sides  may  bo  used  mounted 
/'n  ii  frattie,  hut  will  not  hoar  so  hiRh  a  stnun  aa  jura.  Either 
Amai  wsj^  bv  combiaed  (iiko  galv»uw  battwwa)  lot "  >:io.wi.\\Vs" 
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u  one,  in  nit>IUi>le  arc,  it  fur  ■*  forou  "  in  mcHm.  Alao,  loobtwn 
cither  coaditiaD  fiuin  Uiu  othvr,  they  nuy  hn  diarged  bom  a 
low-pQwor  iKHiroo  an  imc,  and  tliim  ooooected  for  discbu;ee  in 
Mrios,  or  tlioj  may  bo  oharged  in  aeriet,  from  a  poweHiil  sonroo. 
oik)  iliitcliaTi^iDd  a»  onu  Tur  ijuanlity.  Thia  omnI  to  be  called 
"  charging  in  caocado^" 

64.  CoHicxflEiis. — 'Fheob  aro  dmnI  for  receiving  clwr)^  of  a 
low  potential  and  ai«  of  uionh  vaino  in  cable  telcf^pfajr,  and 
with  induction  <!uibi ;  t)i«y  u-ill  nut  boar  rerjr  higb  cbargeBi 
bnt  arc  moat  <.x>iirbnii:ntly  diMcrribud  hero,  because  ihoy  aro  in 

Srinctplo.  pnm  I^ydcai  Jan.  Tbuy  ronoist  of  ahcoto  of  some 
ielectric  ott'-c^l  wiiU  liofuil  oonnoctcd  alternately  to  the  + 
and  —  t«nainalK.  Uiiit  in  found  to  bo  one  of  tli«  host  materiala. 
I'laper  coated  with  alibllac  ia  aometlatoi  iwed,  but  on  Ibo  whole 
paraffinod  {taper  in  li«aL 

'iho  boat  inoiU'of  eouatntctlwi  ih  to  cut  up  tho  tinfoil  into 
aheeta  of  tho  tixe  dcatred,  and  to  mnko  two  pilea  like  tiio  leares 
of  «  book,  tb«  one  repreaeuling  tho  onlor  coattng  of  a  jar, 
containing  ono  eheot  inot«  than  the  otlicr,  which  repntsenta 
the  inner  coating :  upon  the  extreino  end  of  each  of  tlicse  pUca 
plaoQ  a  tinnod  wiro  or  strip  of  mota),  and  by  moana  of  a 
Hotdoring  inn  run  all  Uio  fidgoa  toactber  ao  as  to  make  a  perfect 
metallic  oonnoctioii.  Th^toii  Bhoold  lie  woll  baked  and  worioed 
wbon  abont  to  Iw  uatid,  to  cirivo  off  all  moiflturo  frota  the 
■orfaccs  of  till!  melal,  and  it  in  troll  to  nib  each  leaf  aa  it  ia 
laid  donn  with  a  dry  wanu  cloth.  Cut  Mhoota  of  paper  large 
mougb  to  allow  a  margin  of  at  least  an  inch  round  Ibfeo  aidM 
of  tbo  foil.  The  paper  aboiild  be  thin,  not  highly  glazed,  and 
ahould  show  no  acid  reaction  by  reddening  when  moistened 
with  a  nontrul  nuluttonof  liluins:  it  Hhouldtw  baked  thoroughly 
dry,  plaCL-d  in  a  veaael  of  paraffin  kept  well  over  its  melting 
point,  and  tliiiu  drained  slieet  by  sheet  as  smootlily  as  ponsiblo. 

Fig.  16  will  explain  tbo  prMvea  of  wnrtruclion,  I'laco  on 
the  tttblo  a  wi.-11-baked  piece  of  wood  of  tlio  aame  eiso  or  larger 
tban  tho  pB[>or,  ila  face  aoakod  with 
"Sn  and  a  tiheet  or  two  of  tbe  paper 


laid    npon    it;    upon    this    place    the 

"outer     pilo  of  fuil  with  ita  soldered 

oad  aomowhat   pnijecting,  and  all   ila 

leavea  taniod  lack  exoept  tJie  lowest 

tne,  which  i«  to  he  mboed  smootbly 

eat  on  tho  paper ;  lay  over  this  two 

•hecta  of  the  paper,  and  on  the  too  of 

tliia  the   other  book    of  foil,  so    placvMl    that    it    lioK  exactly 

over  the  fint  sheet,  exoepliog  for  tho  mnrgiiut  at  tlioop|>oeil« 

ends  i  tarn  back  as  with  the  other  all  ila  loavce  exoept  tbo 
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fimt,  atul  upon  tUU  place  two  sheets  of  paper;  continue  ihia 
pn)o<«s,  laying  back  upon  the  paper,  sheets  of  foil  from  the  books 
ultvriiatel^,  ani)  between  each  foil  two  sheets  of  paper;  when  the 
whole  are  in  place,  cover  with  two  or  three  sheets  of  paper  and  a 
board  Hko  the  ftret;  the  whole  should  then  be  compiemed  by 
clanipK  or  by  screws  passing  tbrotigh  the  two  boards,  and 
warmed  up  to  the  roeliiug  point  of  paraffin,  inoroasini;  tho 
pn>saure  to  drive  out  all  oiccsd.  The  first  board  should  be 
piovidtil  with  a  binding  screw  at  each  end,  and  tho  wire  of 
the  correspondiiif;  set  of  foils  soldered  to  it.  Itut  the  tcrmiunls 
aro  iiiitially  composed  of  braes  blodn  on  tho  upper  part  of  n 
cviiM>  coutaiuiii[;  tho  condvnser,  fittird  with  connccti':nis  for  use 
and  no  placed  that  when  not  in  action,  the  condenser  can  be  _ 
shoi  t-cirauilod  to  socnro  complolt^  iliedinrgo.  It  is  doBirabtaJJ 
keep  a  dclicsto  galTanoinotcr  and  n  Ixittcr}-  in  oirouit  thron^^^ 
tiio  sere"  B,  8ti  that  if  there  ho  aoddcntal  oirouit  cotilnct  during 
tho  pioccBK,  tho  galvanometer  will  at  onco  show  it.  Hut  it  nia«t 
not  bo  forgiittpn  that  melted  puriifiin  Inn  rimKidvnihlo  wii- 
duclivity,  iie  nisi)  bus  xht-llao  varniKli  until  jxrrfoolly  dry. 

85.  CiiAiioK  AXn  IsiJUCTiON. — Wi)  tun  produce  tw«  eScctfl 
upon  a  gold-leaf  clcclromoter  or  a  pair  of  mispended  pith  balls. 
If  wo  nib  a  piece  of  cbonito,  and  appmacli  it  to  tho  knob  from 
which  the  leaves  or  biillH  &rv  xuHpendcd,  thoy  gradually  tDOve 
apArt ;  if  contact  is  made,  or  if  we  connoot  the  knob  to  the 
cn:i<luctor  of  a  machine,  the  h^vi-s  remain  apart  when  tho 
contact  is  broken  and  the  t-loctiMmetcr  is  loft  isoUlml.  The 
k-avcc  arc  then  wid  to  1»  eloetrifipd  or  in  a  conditiMi  of  dar^. 
The  tamo  condition  is  produced  in  any  liody  which  has  be«n 
thiiB  placed  in  a  circuit  fri>m  an  electric  source,  ho  as  to  efioct 
what  wo  may  cull  a  Iram/er  0/  vUctridly  U>  it.  Tho  state  of 
ufbirH  produced  ia  such  aa  would  ariite  from  the  deposit  of  some 
agent,  and  this  apparent  efluot  was  the  origin  of  tho  fluid 
thcorioB  of  eleolricity,  and  of  the  sappoaed  laws  which  arc  still 
Bail)  to  goYem  the  dialiibution  of  eleotrioity. 

If  we  ajmroadi  tlio  ebonite  to  the  knob,  but  not  »o  us  to 
touch,  the  learCR  divergie,  but  on  removal  of  Iheeliuiiite  they 
fall  tnf^cther  a^tu.  and  show  no  trace  of  electricity  upon  lh«m : 
whilu  divcrKiiig  they  had  electricity  upon  them,  but  this 
teiuuomrj'  obarKe  is  ^aid  to  be  au  induced  chnr'je, 

I'urther,  if  the  leaves  or  balls  are  louche«l.  while  Ihua  di- 
verged under  tho  inducing  intlueuce,  then  upon  removal  of 
tho  inductor  they  continue  dirertjcnt.  This  in  eaid  to  bo  daa 
to  an  induced  cliargt  of  the  opposite  nature  to  that  of  lli« 
jiiductor. 
2'/ui  dircrgPDOO  of  the  leavce  or  balls  hi  eaid  to  bo  due  to  A 
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mnilsiTA  foroe.  due  to  the  Belf-ropnlsivo  nature  of  eleotrlcittw 
of  tlio  ume  name,  with  which  each  is  chnrged.  The«u  ihroo 
iiemM,  (Suryr,  Imiuetion.  Ftver,  when  uWrlpr  worked  out,  «x|>Uin 
tba  wholsof  the  abitic  actions  vl  eleotricity.  «nd  wo  niust  now 
Bwke  A  prdimiuary  6tudy  of  tho  iorm«  nriaing  froiii  tliein. 
iMvlns  tm  principles  to  the  fnllur  exnuitnation  under  diff^rvut 
heads  in  siioooediDg  ohaptarB. 

S6.  Laws  op  Atfbactiox  Ann  Rcrouio:!.— Both  these  efi«o4a 
obor  the  aune  1aw«.  and  an  ftlihu  AflTuctod  by  distauoo  of  the 
•nrfACWH  and  quantity  of  charge. 

Dittame. —Takinf^  the  enmu  (igiirc«  as  in  S  7J  whore  |8'  re- 
(gninsd  1 44  of  toTsion  forop.  if  tliu  balls  bo  appTOachdd  to  9'  the 
ujiper  point  will  moro  thnxieb  $67°,  and  this  +  9''  in  n  force  of 
575,  We  have  thus  thr™  iTiMtanoca  to  compare,  9*.  18',  56", 
which  are  in  the  rattoe  of  I,  3.  4  ;  but  the  oorrvsponding  foroos 
an>  ]6,  144,  ^^6,  the  ratios  of  whiob  are  1,  4.  i£.  H>mco  we 
leKCn  that  the  reptileire  force  Itetwcon  (wo  iHidicH  tiiuiiliirly 
electrified  raries  rsM^rwIy  a*  the  »fiuar«  0/  the  ditlanee. 

Qwntitf. — If  the  instrniutint  be  now  chaisod  as  heforo  and 

tbi-  foro«  mettsaratl  at  a  lixed  diatanoe,  and  if  the  fixed  bcilt  Ira 

now  retnoTod  and  dlBduT:god,  wb«n  replaced  it  will  again  divide 

tba  oharge,  which  will  bo  only  ono-hiilf  of  what  it  wiis  iH^foro, 

bot  it  will  bo  fotini)  the  /orwt  ia  <tuly  i>ni>t(unrtci-  of  lliu  fnriiicr 

forcy- :  if  the  jirooeM  lie  n^jH-atod  the  '(luutily  or  churge  will  bo 

iwdiiLvd   to  one-qujirHr  iitid  thw  /tiroe  to  onc-Mxtr<rnth.     This 

|>roves  that  at  oqtinl  dialiinocs,  the  force  between  two  viniilitrly 

aloetrifiod   bodies  mricK  at  Ae  pM>J^c^  of  the  qvanlilie*  «/  ihn 

dt^yn.    When  thv  (laantity  ia  equal  and  o])iio«ite,  the  retinlt 

is  tlwt  the  attratnivt.-  force  ih  as  the  atiuare  of  the  i]uantity. 

_     ...       ,     .       ...        .   Q  X  Q     „      M  X  M  .     . 
CombiDing  the  two,  the  foroo  ib  -    ^  ■ .     J>ow  —^ —   le  the 

law  of  graTitatton,  the  attractive  r<»roe  being  na  the  protlnot 
of  tiM)  maasee  in  gravitation,  uml  of  tbv  itnnntiticH  in  clootricity, 
Mid  in  both.  inTereolv  as  the  sijiinrM  of  the  dixliknco*. 

8*.  QtiAirnTY.— Tnia  apparently  Bimplo  term  is  must  difRcuU 
to  define.  In  ctirronta  we  huve  a  duftnito  tiK-'oiiura  for  quiintity 
in  chemical  action  :  there  i«  nolhinK  like  thin  in  sialic  dlcrtricity, 
8t*lic  electricilT  dials  only  wiih  furcu  Hm)  (riiwgy  :  there  >*  no 
Static  "  quantily  "  cxiKtctit,  only  un  aUraeU'on  ;  m>  thiit  while  wo 
t]»aak  of  stiitic  qttHUiity  wo  <mu  only  define  it  in  tcnna  of  forou  ; 
il  meatiH  iLo  force  arliii^  within  an  are*  or  apace.  Am  will  bb 
tm-u  when  the  syatcm  of  utiita  ix  studied,  ihetv  are  two  Rvatomii 
of  invaHoronient  of  so-called  "  i)iiautity  " ;  npon  the  electro- 
statin  bysteni,  the  unit  tjnaatily  is  Hat  ttJlKk  at  one  u«it  nf 
iitUauv  figpuA  an  e^ml  timilar  qmt^ily  im'tA   unit  /or«.     \u  \V« 
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oeatimctie-fpraiuiao-wicoiid  or  C.G.S.  s}-^tom,  uuit  (juiintity  ia 
that  whioh  at  the  distftnoo  of  t  oootimette  oxerU  a  foruv  of  one 
dyne. 

Tlic  nicwt  satUfactory  couooption  of  tliia  in,  a  Um  of  farce, 
whiQh  wii  may  iuat<ir!»n»  as  a  straioed  spring  of  dmUncd 
otTenglli  :  but  fur  purpoHcs  of  oalctilatjou  and  experimuiit  Uiu 
coucopti"!!  uf  a  fluid  called  electricity  (though  erroiiooos  and 
uiielcadiiitj;  Ju  many  «th«r  caBOs)  answers  the  M.-i)uitvm6ntii, 
TKftt  i»  of  courao  how  the  fluid  hjnwthosiB  came  to  be  dcviaod 
wben  thctK!  pheQotiiQiin,  to  which  it  ntit,  wore  all  that  was  kuowa 
of  elcolHoity. 

'i'hn  uuita  just  mentioned  will  bo  folly  explained  iii  tbo 
diajittT  on  MfaMuremcHt.  At  prceont  the  simptusL  Oouc«ption 
of  qimnttty  will  best  servo  tho  purpose  of  the  studeut,  suoU  u 
the  cli'irKoB  taken  by  a  »iniil)  jar,  which  \a  in  faot  tbo  el«otn>- 
stutio  luiit,  wbii.ih  iimy  he  defined  also  as  tho  quantity  oontaiiKKl 
on  iin  i»olatL-<l  spnero  of  i  centimotTo  radius  in  air,  under  unit 
I'otmlial ;  fur  tho  iTiingiimry  flui<l  acts  like  };ases ;  just  us  thvao 
van'  in  ijiiontity  in  a  rcctdver  ilk  the  prossuie  varies,  so  "<iuaii- 
tity  "  ur  diargo  varies  in  llio  ratio  of  potential  in  a  fixed 
receiver  or  condenser.  Eleclromuters  only  maafiUK  quantity  by 
nicans  of  thia  relation;  their  action  is  due  directly  to  tlio 
potential,  and  attractions  in  tho  field,  or  iudnctivo  vircull  of 
which  tJiey  form  a  portion. 

88.  DkSsity. — This  term  roprosents  the  "  cjnantity  por  unit 
area,"  that  in,  the  niunbor  of  lines  of  force  or  units  of  doctrioi^ 
coueentratod  upon  a  nnit  surface.  Density  is  equal  at  all  parta 
of  a  epheru  at  a  great  di«tniioo  from  surrounding  bodiM,  or 
Bunounded  by  a  concentric  isphore  :  it  is  equal  also  at  all  partH 
of  largo  jilates  oppoBod  to  each  other  at  a  small  diauincc- 
Whofo  tlie  distance  of  aurfuix-K  i«  wot  wjual  at  all  parts,  tho 
density  in  greator  os  tlio  dintancu  botwocn  tho  oppoeea  suriluioa 
is  lees,  that  is  to  say.  the  density  in  invcrsidy  as  the  inductive 
restBtanoe.  As  a  coiDieiiurnco  it  w  j^roatcst  ut  any  prujeotiug 
points  or  odgoB  :  this  in  due  to  twooaunca:  (l)  So  many  lines 
of  foi'oe  can  form  from  any  BurfiRoo  as  oait  pam  from  it  to  the 
opposed  nnrfaccB ;  from  a  uphcre  thia  U  aliko  at  all  parts ;  but  a 
cone  will  have  itn  oupacity  for  lin^a  nf  force  increase  as  its 
K-nj^tli  inoreasee,  while  at  tlic  point  it  will  bo  a  contrc  for  the 
whole  oiipoBiag  area  except  Uiat  of  thu  oonv  behind  it.  {2)  Tlie 
1  iw  of  invt-rso  sQiiarw,  owing  to  whidi  tlio  force  or  atlraetions 
on  each  part  of  the  surfuoe  InoKAse  as  tho  aqunro  of  the 
reduction  of  distance  due  to  the  piojcction.  It  i»  usual  in  text- 
ixTak",  to  gi^'o  pictures  of  spbercH.  elIi]>ir«M,  and  so  on,  with 
dotted  Untie  surrounding  tliuiu  to  iUuatiu.U  tho  donslty,  or  as 
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■omo  ny  thu  du[ith  of  the  Btiatuin  of  elcctrioity  on  tho  varuwa 
piJia.  ThoM  km  mislctulin^;.  beoiuc  lfa«y  ignoro  tho  fttmU' 
mauUl  fMt  that  tho  distribuliou  doea  Dot  dunood  o<n  th«  foiu 
of  tb«  ohftT^  body,  bat  noon  the  pooition  vf  tb«  octoa]  oppoeilo 
durgs,  whtdi  is  iiuppkrable  fraui  it.  Sofoe  books  endoavoar  to 
oonateiact  this  by  asj  in]'  that  the  distribQtioti  shown  is  oorroot 
ooly  wboD  tbo  chsiged  bodies  aro  st  a  greut  dUtanoo  trom  sU 
other  snrfiues.  It  sppe&n  better  for  the  atudout  to  look  nt  the 
geaerftl  tmths  involvod,  that  is,  to  examiuo  tho  dioloctrio 
to  which  tbo  surfaces  aro  «leotroi!e8,  and  the  lou);t)i  of  tho 
linos  of  foroc,  rather  than  a  mere  isolated  esantplo,  booMiM 
that  hafipoDC^  to  bo  vrbat  pncsontod  itself  to  the  Mtly 
observers. 

la  tho  CBSO  of  two  oonoQ&tric  ephorcs  oppositely  diarged  It  U 
evident  tho  dunaitaee  most  bo  iiivorscly  as  tho  squam  of  tho 
two  tadii.  because  this  is  the  tatio  of  Hroas  or  surfiicee  of  tho 
•pbena.  Now  in  the  case  of  a  aingle  charged  sphere  in  the 
■iddle  of  a  room,  wo  otay  regard  the  BurroundioE  walls  as  a 
^Iwre,  and  if  tiio  radius  of  tho  ball  is  i  ixtdt  and  that  of  tbo 
walla  6  fMt(ij-foot  room),  or  73  inchca,  it  iscvi(U-nt  that  tbo 
tleneity  nnoD  any  part  of  the  walls  will  bo  as  7^'  =  J1S4  ia  la  1. 
This  IB  the  ressou  that  this  opposiug  charge  was  so  long  ou- 
■lisooversd  and  is  in  ordinary  cases  inappreciable. 

When  the  density  coioeeda  a  degree  varying  with  the  nature 
of  the  material,  the  dioteotriohreaksdown and  ilischargeooours; 
this  naiimam  density  for  air  is  about  jo  eloctro^tatio  tuiita 
per  sqnan  oontinietre. 

89.  FoatiK.— This  is  the  exprossion  in  all  mechanioal  otwra- 
twos  for  the  capacity  to  prodnco  aooeleratiou  :  bnt  in  etaUca  n 
fitroe  is  nicasanxl  a^  a  jivsnire  or  a  ptUL  Wo  have  such  a  force 
in  electricity,  but  it  is  iiot  wlut  is  called  "  olcctivmotive-foroe." 
The  force  in  oloctricity  is  ezproMod  by  the  strain  sot  tip  in  a 
diek-ctric,  s&d,  by  the  attractions  and  repulsions — tho  modo&a 
it  can  cause  in  a  body  under  its  inflnonco. 

AUraelion  is  the  true  evidence  and  action  uf  tho  fomo :  this  is 
evident  from  the  foot  that  tho  normal  condition  of  oloctricity  is 
with  i>qnal  opposito  +  and  —  fai-ing,  and  in  tliis  stato  tho  full 
foroe  is  nianifosted  aa  atttaciion,  which  nicosares  tlio  effort  to 
muta.  or  to  go  a  ete\>  further,  thi?  i^ffitrt  of  the  energy  stored  ut 
eleotricity  to  pass  into  tho  form  of  huat. 

Btflnon   is  an    indiroci  action  of  attraction :   nowIitTro  in 
Datuni  can  thcro  bo  found  a  rtpabioc  fine ;  there  arc  tvpvllont 
aotioui,  whiuli  aro  aimply  transfon  of  motion,  as  when  one 
bfUIaid  ball  strikes  another ;  or  olsu  they  are  aoiiona  ot  %  &«W 
of  foro^  M  in  tiuf  oam>  vf  magaetum.    As  there  is  aVfi&'lia  a 
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Mtconil  bUtfAoo  isomewhens  charged  with  oppositoctootrioity,  tlio 
ajiimiYiiit  repulsion  is  roftlly  an  uttriictiun  toward*  thitt  Nurt'iioo; 
an  «vi>ry  charged  siirfMce  i»  a  boundary  of  a  fiold  »r  fon^r,  in 
which  lines  of  diroctivo  energy  exist,  so  any  body  fi'Cv  to  movo 
in  the  fi(>ld  Diovts  in  tho  diroctum  of  thoeo  linc«. 

Motion  of  niiv  kind,  whether  to  ur  from  a  surface,  always 
iiic<tius  a  ix^iiftion  of  the  inductiro  roaistaDoo  or  a  tfanafcr  of 
OQor)^'  along  tho  linos  of  foTOC. 

I'be  action  tnaybu  traecd  by  Fig.  17.  +  +  arotwoniraiUrly 
ohargeil   Hurfacoat  while  —  —  nrv  aurrotiDding  eitrfoccs;  tho 

outiT  arrow*  abon*  the  direution 
of  tho  form*  from  eitcli  +  to 
eiieh  — ,  while  (ho  two  mnull 
umiwH  ehuw  the  Rmitndixcd  ittnio 
uf  the  spaoe  enclosed  by  +  and  +, 
a  niid  h.  Itiasmucli  u»  attraction 
varicM  (j  S6)  a»  the  wiiiare  of 
tho  dittlanco,  it  is  wiilunt  ihut 
tlio  pull  iu  the  directtoD  shown  by  tho  long  arrowit  munt  b& 
gre'itly  itif<rrior  lo  that  of  the  abort  one  to  tho  nearest  — ;  hence 
an  ayiiau-nl  rojiiilfinn  betwci-n  -f  li»d  4-' 

For  piiriiiiKiK  of  oalcnlutioii  the  nmlbemntical  system  of  treat- 
ing; Mn-)i  <lilTi'iiriit  uetiouH  as  -f  and  —  foiveK,  is  of  conrao  oon- 
viinicinl.  B"  ulno.  althuiigh  it  is  not  [uisiiiblv  to  have  uni-ijuiil 
ijiiaulitioH  uf  uk-clricity  n>ully  rvlat^d  lo  oacb  other,  yet  it  is 
convTinient  to  treat  the  difTereiit  parts  of  a  com  plica  ttd  surfHoo 
fut  though  each  -f  and  —  charge  Mc-re  au  iiiolBted  thing.  That 
in  to  nay,  if  w«  have  a  +  charge  =  5  and  a  —  cliargc  =  i  tliero 
in  aouiewberc  another  —  charge  =  1 ;  the  true  oondilion  is  tliat 
thoreexiat  two  disiinotinduotivocirauita  J  +  —  j  and  2  +  —  1 
wbioh  are  analoj^oua  to  derived  oirouits  in  current*,  but  we 
may  include  iho  oQect  of  the  other  cironit  by  oalcnlatiug  tho 
nctious  oa  dtie  to  -|-  j  and  —  3,  and  referring  their  nctiooa  to  aa 
artificial  datum,  or  earth. 

Foroe  varies  as  tho  square  of  the  distance  when  oxxrted  from 
a  oentral  lioint,  as  a  necessary  consequence  of  radiant  aotJou, 
bet^uuse  apnei^s  vary  in  surface  area  aa  thesquareaof  their  ndU. 
But  iu  Rut  plates  propnrly  f^arded,  aa  in  the  baloDoe  dectr^ 
meter  S  74.  tho  attraction  is  as  l)w  rfwlance.  But  thotijiih  wu 
have  tlius,  dntajux  simply  in  one  case,  and  square  of  ihe  ilitbmcc 
in  tho  other,  the  same  law  is  opci-ating.  The  flat  plolca  are 
ei^uivalont  to  ports  of  tho  surface  of  very  large  B{ihen«,  and  tJw 
actual  distance  apart  bearing  uo  relation  to  tho  k-uglli  of  tho 
imii^iiuirr  radii,  the  difference  of  the  squares  of  the  two  indit  ia 
praatiatify  wiumJ  to  liie  distance  apart. 


9I>)  TRIUIOK. 

Ilraop,  Poroo  Tnrics  m  BriOAro  orQimntity. 

„  „  •qtinreof  "liflpruncoof  Potcntwl. 

„  ,.         inrcnwly  u  ■qnara  of  dUUoco  from 

centre. 

90.  Tnmox. — l^iis  tern  had,  in  lli<!  pMt,  mora  Umh  quo 
mMDiDg,  nnd  has  nciarlj  pMSpd  oat  of  ufo,  tliOQgli  ooouioiutllj 
•mplojroci  iD  ihoseiMs  of  "potential.*' 

Acoording  to  Flocming  Jt>nkiii,  "  toiMJon  MtacAnnrcd  in  unit* 
of  funm  pur  nnit  of  »rco,  awl  in  ]>ru|^rtionitl  to  tbo  w}iiitre  of  the 
(Unsitjron  tb«  ol«ui«tit  of  siirfaoc." 

Th«  oorauon  kdh  of  Uio  word  in  coanootoci  to  a  pull  or 
•Itrmc'iuii ;  Clork-MaxwqU  dofincB  it,  "  Tho  tetiitJon  of  bo  m»ajf 
ponnilii'  or  gnuiut'  wi-iglit  on  the  M|aari»  fuit  cxurU-il  by  the  Ut 
or  Oth«r  didi'Clna  uHKltum,  i»  Uui  diruction  of  tlio  eleotTOino- 
tlTe^force."  Tlii*  mcnntt  tliut  Iviuiion  in  the  "atroas"  on  the 
di«l«ctric,  ftnil  in  thin  jwiiiiii-itiH<iooiuiionalljnaed  in  ihcM  pag«e. 

91.  I\>'n:mAU — This  turin  i*  rery  gonenlly  «m|do^«d  ia 
«Wiric»l  vntriu,  beauM  it  souuda  dignified ;  but  it  is  very 
oututuonly  miteiniiloyoil  »nd  atill  moraoommotily  iiiisiuideratood. 
It  M  osmI  prop«rty  and  adrantAgeonsly  in  the  inon>  absti-oct 
isTMticktlon*  of  "aUttio  electricity."  but  improperly  indynanuo 
ebctrici^  in  tbo  plaoo  of  olootromolive-forcv.  Tlui  dounitious 
nmally  ^rcn  of  it  ato  qnite  tinintelligible  to  tho  ordiii«T>-  mind, 
Wid  only  cviuo  ooofawon  of  thought.  Fur  inatanoe  tliecoiunion 
dcfitiitiou,  Tie  potaUiai  at  onj)  point  U  ihn  ttork  tetiich  muM  Im 

El  tifion  a  Hitil  0/ jKttitirt  tl*<irieilg  in  brinyin^j  il  up  lolkal point 
I  m  infinite  Juianet,  inTotvM  •cvend  fklao  mutmipliouB  nod 
oovivabhi  id«ii«.  It  in  iiupowiib)e  to  bring  any  tiling  fMtnan 
Infinite  di«tiiocw  ;  and  it  i*  iinpoetttble  to  luiiig  unit  poeitire 
•lr4;lrinty  MiiTvr)i«n<,  im^iip«>ntive  of  ita  negative  counterpart, 
iriiieb  tb«  dvhnitiou  tr«at«  ah  non-existent.  lu  a  discussion  of 
Utt  Mlbivcl  in  th«  pagw  of  >hi-  EU^Irician,  Clerk-Maivrcll  Mid, 
"The  lhi.>orv  of  olootroabtticH  is  greatly  simplified  by  tho  Intro* 
dnctioB  of  thia  nnr  conooptof  {Kitential."  "  As  soon  m  wo  i>aas 
from  eIectro«ttltca  to  otlivr  dctiiaTtnienta  of  oleotrical  vdeooo  we 
find  thftt  the  oODOept  of  iHitoulial  is  no  loii)>or  availiiUe,  oxoopt 
when  naed  in  a  Tv«trictcd  sense  and  under  carefully  defined 
eoBditions."  "  In  ullii-r  paris  of  ekctrioal  aoienoe  wn  hiive  to 
deal  with  elwlrumolive-force  iu  C«0»  where  'potential'  and 
oODBOquciitly  '  potuulial  difTerenoe'aro  words  without  roenning." 
PKuoMor  fiaynea  wid  tbat  potential  is  the  $jtum  root  0/ 

jbsM. 

Dr.   0.  Loilge  dL-fined  the  "potential  of   •  l>oint  as   tbe 
P'teiitial  ini^rjjy  "f  iirjil  t-hvlricHv.  if  pUocd  lh««j." 
I  AoalJ  A'^ue  fieoirio  poteotial  a»  an  ituapuac^'  iTmcVTOtv, 
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or  Rondiiion,  v;liich  it  h  mathemAticAlly  ooDT«iii<-iit  to  uttribato 
totho  potential  energy  stored  in  n  ctiitrg«,  aoi)  tliut,  an  Profwwor 
BiiVDM  ftaye,  it  is  tho  square  root  of  tho  olcotrio  fomv  cxiitting. 
And  iluc  to  tho  mode  iu  which  tho  potontial  cn^rrgy  in  Mlnrml : 
but  this  subject  will  bo  found  diBoussed  in  tho  chnptun  o& 
Eloctromotive-forco  and  Current. 

Qj.  The  ideas  embodied  in  "  potontial "  aro  not  confined  to 
oloctricity,  though  tho  ueo  of  tho  word  is  Tory  nvarlv  liinitod  to 
thiM  ecienco.  Its  principles  aro  most  oleany  worked  out  in 
connection  with  wator  in  hydraulics,  whore  we  hnve  conditions 
Ktrongly  rceontbling  those  of  etoctricity,  both  as  to  thu  static 
Ktrcjwf-B.  nnd  the  laws  of  cunwnt  nnd  energy. 

r(>tt;ntiHl  is  strictly  comparable  to  &«  nroMmre  exerted  by 
a  Column  of  water  upon  its  base,  or  to  tne  potential  energy 
pOKw-bwod  by  n  tuiit  weieht  at  tho  top  of  the  column.  'J'luit  is, 
It  is  OS  head  of  wtttor  in  nydraulics. 

Potential  and  eloctromotiro-foreo  Ai-e  different  waya  of 
regarding  tho  snmc  ngonoy  and  are  tquol  in  vaIho:  bitt  one 
refers  to  statio  stmins,  tho  other  to  mo^on  produced.  Potential 
ruUtits  to  the  Intturtivf.  Ciroiiit.  Klcctroniotiro-foroo  rwlfttc*  to 
the  CoiuiiKtiee  Circuit.  Both  are  meaaui«d  in  Tolts,  and  both 
ore  equal  at  the  Bome  point. 

9j.  The  terra  potential  is  oft«n  employed  in  a  rery  mysti- 
fying manner :  for  inetance,  it  la  said  that  all  tho  ports  of  a 
mctnllic  surface  aro  at  one  potential,  because  if  they  wore  not 
no,  cnrrent  would  flow  along  it.  But  this  is  reasoning  in  a 
vicious  circle ;  the  potential  itaelf  ia  defined  as  the  power  to  set 
up  the  current.  The  parts  of  the  eurfaoe  aro  at  one  potential 
only  in  the  artificial,  Diathomatic^al,  electrical  sodsb;  that  it,  as 
n^latcd  to  an  imaginai^  zero,  But  if  a  aurfaoe  Taries  in  its 
iliHinnce  from  its  opposed  surface,  if  for  instance  the  two  <|^^H 
fiLccw  are  inclined  to  each  other,  the  attractive  forces,  thorftl^pH 
tin:  potciitinls,  tho  density  will  vary  all  along  th"  »urfaeo :  ov^y 
part  of  it  will  havo  its  own  inductivo  circuit,  with  its  own 
proper  jiotentiAl.  Tho  different  parts  of  tho  one  surfnoe  have 
no  rt<lation  to  each  other  in  this  aspect,  any  more  tliitu  if  they 
wero  cut  up  into  a  series  of  insulatvil  jmrls.    Sec  S  07- 

It  is  also  commonly  stated  tliat,  in  this  artilicial  electricity, 
tho  potential  is  tho  same  at  the  end  of  a  long  point,  us  it  is  on 
tho  sphere  to  which  tho  point  niaj-  bo  connected  :  this  is  also  a 
ooDSOqnence  of  tho  dellmtion  and  bivaute  M01/  are  cofinfCteA i  but 
tho  ofectromotiTo- force,  the  tendency  to  discharge,  tho  relation 
to  tlte  opposed  eurfuce,  are  rery  different  at  the  sphere  and  the 

*4#  tits  work  (foaJs  only  wit\i  tho  e\ftiAT\cv\.^  viVXtJa  <;»)>*«  \q 
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Dftturs,  the  term  must  uorer  be  nndMatood  to  tbeso  pogM  n 
GOnTeying  any  of  th«»o  tina  filial  ions,  bat  purelj'  as  tho  static 
ODalogne  of  Dj'uainic  Bli-'ctrouiotive-force. 

94.  UivTKiiioTiux  or  Elwtricitt. — Hloat  ekctncal  works 
cccopy  many  pag«H  in  showinj;  that  Stalii:  eleelridtg  it  fotuut 
and  ejrUl*  m\l>f  on  ihe  jur/acet  0/  hodi^.  Famlay  mado  nuay 
boMitifal  experimeute  to  show  thU,  and  to  piuve,  among  otber 
things,  that  it  is  found  only  on  mrtental  mrwoeB.  In  fact,  thi^ 
^ia  tlto  sole  moaning  of  the  stal«ment  as  made  by  the  earlier 
iectri«ianB,  who  ezperimeoted  with  objecU  pla«ed  ia  a  room, 
ind  considerod  only  tbe  acdona  observed  ou  tlioae  objeota :  tluMO 
thooricA  of  charge  by  a  eingle  electricity,  were  deslJOy«d  wh«n 
it  was  found  that  electricity  could  be  plaoed  npoD  an  iatemat 
mrfaco.  Bnt  writ«ra  etill  nso  the  old  form  of  words  vhen  tliu 
meaning  is  changed.  Tbe  great  imporUnoe  of  clearing  awny 
tIi«ao  doltisiona,  brings  the  subject  frequently  boforo  na,  fur 
cloarly  realising  tho  dual  nature  of  electricity,  and  its  ncdon  in 
a  field  of  force  lays  a  sound  fonndation  for  the  wholv  stnictiirw 
of  thA  comprehension  of  electrical  action.  As  tho  quuntion  of 
Sitrfaoo  actioD  will  be  thoroughly  examined,  one  illustration  of 
tlic  appartmt  confinement  to  e-xUmal  surfaces  will  siiffioc. 
Faraday  uaad  a  cODioal  bag  of  stiff  muslin,  provided  with  silk 
oordti  by  which  it  could  be  tumod  inside  out,  and  mounted  on  a 
netal  ring  supported  on  an  insulating  stand.  If  a  charged 
lx;x]y  ia  ititrodttccd  into  the  open  mouth  and  touohed  to  tbe  bag. 
thi;  di-ctrivity  pofBvs  to  the  outsiiic,  on  which  all  the  fibres  will 
riKi: :  no  traou  of  any  is  to  bo  found  in  the  interior ;  if  now,  by 
mtsniH  <.i{  the  strings,  tho  bag  is  turned  inside  out,  tho  dluo- 
tricity  at  oncu  pBMM  to  the  otAer  and  now  outor  side. 

Faraday  aln  showed  that  innido  an  insulated  chamber  built 
witliin  auothur  room,  and  strongly  charged  with  electricity,  tliu 
inuitt  delicate  instnimienls  onntained  id  and  connoctwl  to  it 
showed  DO  trace  of  action.  The  expuTimcEt  hns  been  rL'peftt<Nl 
by  others,  but  imporbint  ns  it  was  at  tho  time,  it  only  provua  a 
detail  of  a  Ki'neral  law.  The  sialic  aclioru  of  tlwlrlnl^  art  mani- 
fented  at  mrfactM  brctiuM-  ihfte  arr  the  hoaadarUtof  the  field  of /vree 
in  uhick  the  tltxijic  fhartje  exirl*.  Tbu  law  and  its  ivaaon  are 
obvious:  Eleetriuitr  in  itn  xtatio  manifc«tntionH  miat  be  fotatd 
onlg  DM  tvrfaat  wlivra  tlio  polarized  circuit  piutmMi  tcom  one 
body  to  another ;  it  ia  u  sitHtn  of  HtruiniHl  n-st,  unraoving  tenajon, 
and  can  only  be  discovered  by  tninsrvrriiig  tliat  stat6  <H  tensJon 
to  another  bodv. 

Am  Ifr.  Woloott,  of  Amorica,  aptly  tdiows,  a  shadow  nves 
naan  exact  analogue:  it  presents  an  appearuioo of  aotuuity, 
it  is  found  oalyouaaurfuccyet  it  iaiuenily  tfaemanifvataticnof 


u  Ktnte  wbicb  oxifllH  in  thowholv  BpAoe  betweeu  tbe  two  related 
surfkcea,  that  which  gcnorutw  and  that  wluoh  receives  ttie 
■liadow. 

95-  Tbo  two  great  authoritioi  on  eleotriool  distribation  and  ita 
oouMqaoDCM  arc  Coolooib  nod  Sir  William  tlorria.  Tlie  fint 
exnmincd  tJio  aubjoot  hy  latamH  of  llifi  tonJon  eleotrumetvr, 
and  arrived  at  oertoin  InwM.  Sir  William  llarriH,  on  repeating 
the  DipcrimonlK,  found  r'oulomb'H  reaulUi  uuly  approximately 
oomot,  and  niudi6ed  tln-ao  tawx  ooourdingly. 

Clerk-Maxwell  and  iitUi^ni  Iwvu  also  studied  the  aiiVject,  and 
give  drawingri  itf  tbe  diatributiou  undvr  various  cunditioiis 
showing  lines  uf  equal  potentid,  &g.,  but  any  laws  of  diatiibution 
and  aooumulation  oan  only  be  appr»ximate,  and  tbedtiitribtitiun 
will  vary  with  every  variation  in  Biirroiiudin^  bodie*.  tbat  is 
to  say,  with  every  alteration  in  tho  linos  of  leail  inducii'^c 
rcsiiliiiKt. 

Spherea  distribute  the  eharjie  e>iUftlly  over  tbeir  aurfaoo  pro- 
vided tbey  am  at  a  greul  dialance  li-om  tbe  oppoaiut;  cluu'(;e : 
two  or  more  -■.plitriTii  wjnnecled,  will  divide  a  cbaige  in  propor- 
tion to  tlioir  "capacity,"  whiub  is  as  their  radii,  if  regarded  as 
isolated  bod i en. 

Ellipacs  ilintrilmto  tbe  electricity  mure  towards  tlicir  ends  as 
do  a  HCiiea  of  Nphcrcn  in  contw^t. 

The  form  uf  ibo  oonduotur  inllueiicos  tlte  distribution  dmply 
by  the  relutiru  fucililiea  of  ^uncrutiug  Uii(!!i  of  force  to  the 
op]K>acd  condiictijrn.  iiud  the  mode  uf  tealiuK  tbe  density  ia  by 
applying  a  pmaf  plane:,  whiuh  bectnueB  tbe  surfuoe  it  oore», 
apprupriuting  tbu  lines  uf  force  terminating  there,  and  con* 
btitulinc  with  tbi:m  a  new  Gold  vt  force  of  ita  own. 

75.  PoiNis,--ir  tlie  conductor  of  a  mo^^hino  is  GttMl  with  a 
point,  no  cbar){e  can  bo  obtained ;  if  a  pointed  conductor  bu  held 
towards  it,  uo  dnLree  can  be  obtained.  The  lines  of  force  |-«aa 
fiom  every  part  of  a  tturfaoo  towards  every  ojipoeinK  mirfaoe 
carrying  opposite  diar|{e :  iu  the  case  of  a  spliere,  these  lines  are 
tberefuio  radial  and  equal  at  all  parts:  in  the  case  of  an  ellipse, 
tbey  are  parallel  along  its  length  and  radial  at  its  ends  :  in  th« 
case  of  a  cone,  they  pass  in  all  directions  not  covered  by  its  base ; 
and  as  this  cone  lengthens,  they  incrcaM}  in  number  tdl  a  point 
tormiuating  a  ton^  cone  may  bo  rogardcd  as  tho  centre  of  * 
sphere,  conoeulialing  npon  it  all  tho  poteiblo  lines  of  force. 
All  siibslaiices  have  tlieii'  limit  of  ondmance,  their  brtaking 
ftmin  ;  tho  dielectric  etrengtb  of  air  has  its  limit,  and  under 
thoRo  circunistanoes  it  bixiaks  down  and  beconidS  a  oonductor : 
ii/t)  hnwkingnlraiu  of  nir  is  reached  whon  thedvnsity  approaches 
io gtatio  tiDtia  jwr  sijiioro  centimetre:  weuwy  oonwxiftthal  in 


firr.FAi:-   r.KS-irT, 


these  oinmrnBtuicea  Um>  molvctilcs  of  nir  bcoomo  m  Btronglv 
<tbarg«d  tbttt  tiivy  fly  off  biwarlH  thu  Ktirroiiniling  sitrfaoca.  If 
Uw  poiatB  ate  <aiieil  in  giittntxirclia  iir  oth<;r  KiilMtencM  of 
f^iMter  power  of  eiMlnnuMJO,  tti«  limit  of  fihux^  ix  largely 
isoreaMd.    See  S  8S. 

97-  SmrjusB  DKinirv.— Tf  wo  uke  two  ImlU  nf  i-  anil  j-indi 
disniet^  and  obarge  tbcm  both  at  thn  Mmo  timv  from  ono 
eotirro,  tke  l-ineh  wilt  hiiro  twioo  t)i«  "  qiiimlity  "  of  clMitricity 
on  it  that  the  olhiT  hajt;  hat  if  wo  np[>ly  tho  <wn  Wlla  to  an 
electro6oap«,  Uie,v  will  bolfa  givu  Iho  luiiio  inrlirjitiimis  or  if 
botli  aro  Ic8t«d  bv  jiniuf  i>t3iio  nD<l  IklUiicu,  Uitb  will  Ih;  found 
chained  alike.  It  is  n«cvMary  tlieirtftiru  t<i  mm  what  will  Iw 
tbaflflect  of  altering  thu  ciU-iit  of  Mirfitm  witiioDt  ulutring  tiio 
so-called  quantity  of  electricity.  Ti>n  n.inal  iniitruiuuni  for  this 
fmrpow  is  a  tiheet  of  tin-foil  inonutiil  on  a  ixiltiiv,  hu  tliat  ita 
area  can  be  varied,  nod  Gtbed  with  or  connected  to  a  jiiUi  ball 
or  i^ld-leaf  el«ciKMCi)i)i.\  If  iIm;  foil  be  charK«Nl  with  itH  full 
aariace  exposed,  the  ul vet raHLvjiu  will  give  an  imlicaliuu  corre- 
aponding  to  tlio  charav.  Now  wind  u|>  the  foil,  aud  as  tho 
exposed  surface  dimininhea  tlie  aotion  is  cvncentratvd  on  that 
amaller  surface,  aud  Uie  t^leotroruelor  indicates  accordingly; 
wh«&  tho  Hurfaoe  in  reduced  to  half,  the  electrometer  iudicatoa 
doubled  aodon :  wheii  the  surface  is  redacvd  to  one-fouilb,  tho 
electroinet«r  indicates  fourfold  actiou.  Hut  what  is  really 
mcasared  by  the  cleotramoler  in  thia  case  ia  not  "qaantity." 
Dor  evon  density  upoii  tho  foil  itself;  tliis  should  be  clearly 
com t>reh ended.  From  every  part  of  the  surfaou,  Ike  pith  bnllt 
mJificd,  lints  of  force  extend  to  the  opposiug  snrfaceH  ;  tbercfortf 
wo  mast  tvgard  the  f^iil  and  tho  ImlN  as  Jittinrt  indutiifrt  cirruilt, 
tho  reUtiro  resietances  of  which  are  proportioiiul  to  tho  r<^lativo 
rarfaciM.  When  the  foil  is  reduced  in  etirfaoe  to  ono-hnlf,  H» 
MAtctKw'  t*»itlaHee  U  AoMcd.  or,  iu  other  words  its  rn{<ni'i(y  is 
hatred:  the  n^lations  of  the  two  circuit))  aie  alt'.TciI.  \\w  jiixh 
portioDal  rDsistanco  of  the  electroscope  a«  coinpiirod  Uy  ilmt  of 
tho  foil  IH  only  half  of  what  it  wm  at  first ;  hcitcc  the  litics  of 
forw  an  driven  from  Iho  foil  to  tho  clectrosrope,  iucn-asiiig  llie 
pull  upon  the  ImIIh,  the  true  t'nct  being  that  tho  ehictrumcter 
nioiwnrcit  not  the  ^anlilj/  on  ikv  foil,  but  tho  action  of  ils  viPn 
induHitr.  eirruUx  it  meaanres  the  qiianiitr  on  I  ho  foil  and  its 
density  indirectly,  but  only  bccdtiso  thcsti  boar  a  deflnito 
relation  to  the  similar  conditions  on  itsulf.  Tliis  in  Uie  point 
every  ntudvut  of  electricity  should  firnily  imprci-a  on  his  mind, 
that  rrrr^  pouibtt  Xia«  of  fine  in  nn  iitilucfive  drvail  ka*  it*  own 
tvadilioim,  that  caoh  is  really  n  drriuctt  ciWui't,  an  ex)iliiiued  at 
end  of  §  93,  and  should  bo  studied  on  tic  same  priucipKs  os 


ia  Ihe  ca»o  uf  ii  niimticr  of  win»  uonvbjtng  ouircnts  from  0IM> 
dleotrio  i;ener«Uir. 

^6.  One  of  Fannlny'N  beautiful  oxpcrimcniB  illiiRtnteA  many 
pnncipler  Let  Fig.  i8  repTwwnt  a  room  ouiitainiDg  «  a  aoiirco 
of  cleotricity,  «cuch  a*  an  electric  machine,  to  tJio  primo 
ooQiiuctor  of  which  ID  nttAoltcit  a  ball  -{-,  and  tbo  rublwT  or  — 
terminal  to  earth,  which  moans  tho  wtlU  of  tho  room,  from 
which  the  radiating  lines  indioato  tho  lioM  and  lined  of  force 
Bet  up  ill  the  air ;  e  in  itn  olootromotor  which  if  connected  to  + 
diverges  Ktrongly ;  bnt  if  to  th«  walls,  only  a  feeble  divergence 
will  manifest  a  —  oliajgo. 
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99.  I^tnttcKn  Cit.ir.osi. — Tlie  eiporiment  is  fuither  d«Tdopod 
in  Fig.  19,  where  p  ia  a  metal  pail  Bunouuding  +Ancl  itself 
innuhttoil  Viy  the  glnsB  stfind  1.  Tliungh  the  pail  le  not  in 
ounlact  with  -)-  its  outer  Bnrfnco  will  have  an  equal  and  similar 
oliorgi'  to  +,  yet  if  -f  be  now  touched  to  the  pail  the  chargo  oD 
this  will  not  bo  incrcnsi^d.  nor  will  e  indicato  any  change 
although  +  has  loat  all  its  cliorge.  The  conditions  aro 
iduncioal  with  those  of  the  cncloswl  sphoro  S  loj  whero  they  aro 
more  fully  otiidiod. 

100,  A  Horiiw  of  iosulntcd  cylindi^rs,  as  shown  Fig.  ao,  ia 
oonimonly  used  to  ilJustroto  "  Induction,"  as  though  it  were  an 
notion  Sot  up  i.y  a  bod^K«««-»''eil  of  fnw  cfaargo,  while  it  renlly 
exhibits  the  tnoilo  in  Vhich  the  clmin  of  polarization  is 
aeveio}H:^.     .y-  ia  a  charge*,  ba"  •>»  »»  insulating  stand  ;  if  wo 

iwagiae  U  standing  alone,  f^e  condilvo\i»  m«x\\owoE  Fig,  18, 
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an  eutul  quantity  of  —  eleotricitf  existtng  on  tfao  walls;  W9 
now  bring  n«ar  it,  bat  not  near  enoogb  for  a  spark  to  rw*,  the 
insnUited  CT-Iindcr  a.  This  fnniiflhe*  a  new  path  for  too  foror, 
and  its  mok-ciilca  am  poUtixed,  fpAi  Ieav«§  or  tin-foil  Rnspon^ki] 
at  it»  endii  will  diyorf^,  and  the  end  nearest  +  ia  found  to  bo 
— ,  and  tiie  othor  ond  •!-.  The  old  explanation  was  that  tbo 
fr«e  electricity  of  tho  ball  decumpoaefl  tli«  neutral  clMtridty  of 
the  cylinder,  attracting  to  iu  uearmt  end  an  equal  qnantity  of 
tlteoppaeit«  electricity,  and  repelling  tbe  similar  to  thootluir 
end.    Add  b,  a  Bimilar  oylinder,  and  the  nmo  Tunlt  occnra  in 
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t.  and  in  as  many  aa  wo  pleMC.  Ti'muitato  Ui«  Mriea  by  a  ball 
wmilar  to  tho  firtit;  it,  lilco  the  cyliudecK,  Jn  puUrizod;  but  if 
by  n)r<anH  of  a  cliain  or  a  di»oliai>:(;r  w»  connoct  Uto  ball  to 
"  narth  "  for  n  monKnt,  wo  Guil  tliv  bull  ia  tli<.'u  chnrgnd  with  — 
electricity  aJono,  and  to  ootitinno  tlio  old  ciplanotion,  ita  +  &xe 
to  eartli,  loaring  tlt«  froo  ohargo  opposito  to  that  of  the  nrst 
balL 

But  the  nol  eipUnation  ih  tills:  When  a  is  placed  n«ar  the 
boll,  it  prcamts  a  more  nstdy  |>atii  for  tbo  forbo,  becnuso  its 
motoculcn  ranst  loss  llian  ttmau  of  air,  humco  a  twofolcl  action. 
Its  molooalca  an>  polarlxi-d  by  tho  forco  chnrgoil  on  the  sir  it 
displaoca,  bat  aI»o  a  dinlurbanco  of  tho  provionsly  existing 
amngCRients  in  pruduoed ;  intitwul  of  tlio  polnriution  pro- 
eeeding  in  all  directions  Aitually,  a  priwoiits,  by  its  enUrgod 
nirface,  a  mnvh  ruiidii>r  path,  and  the  Inrguat  point  of  tho 
foroo  tends  to  it,  and  will  rciiuH  in  n  apark  puiwing  if  thoy 
approach  too  olowly,  while,  il'  this  is  avoided,  a  Kiinpto  rodtHln- 
batioa  of  the  linen  of  force  cecum.  When  h  in  iiddi^l,  u  siniiliir 
result  and  freah  diotribulion  ocwura;  and  again  whan  tho  liuit 
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ball  ie  pn««tit<Hl;  but  when  this  last  is  oonnoctcd  to  earth,  it 
•otK  »p  u  circnit  of  emAll  re«8tAiic«,  co&Gncd  ixMrly  to  the  lino 
of  VmiIU  (tni)  cylindere:  there  alvra^  is  a  pnriia)  circtiit  to  the 
other  surface*,  however,  so  that  tho  —  chitrgo  on  the  last  ball 
will  never  be  pijual  to  tho  +  on  tho  first,  na  tho  old  theory 
wniild  involve ;  if  touched  togriili«rwJiiIo  insiilatod,  thoroalwaya 
n-'iiminn  a  charge  on  +  which  is  equivalent  to  tho  —  loft 
on  the  walU.  Ac;  so  aleo  each  succemiro  rrlindcr  will  bo 
polarized  with  diminished  force,  and  will  retain  on  n;moval  & 
tili^ht  positivo  charge,  if  the  final  ball  hu  boon  oonnoctod  to 
earth.  Iwcanso  from  each  of  them  a  fnction  of  itx  c-irctiit  is 
comjilct^d  by  tho  walls  instead  of  through  it«  opposite  end  to 
tho  next  cylinder. 

lOi.  CoxDKjrsATJOK. — We  can  novr  understand  the  action  of 
obargcd  Rurfacos  in  the  form  of  condenRcra.  each  as  tho  Leydcn 
jar,  and  thoso  uscrl  in  induction  coile,  and  in  thotw  vast  con- 
doiiKtirs,   submarino  cables,   in  which  tliCBo  cff>cts  of  charge 

iirmluco  the  great  retantatiou  in  tho  pattHnge  of  i>ign»is.  which 
oiig  jiiiij;lod  practical  electricians.  If  for  tho  charged  ball  wo 
Hulmlitute  an  insulated  metal  platn,  to  each  Mtda  of  which  is 
fixed  a  pith  ball,  upon  charging  it  will  bo  KCcn  that  IhCTo 
diverge  on  both  tides,  showing  an  inductivo  circuit  formed  in  nil 
dirrrtions  as  from  a  ball.  We  now  approach  to  it  on  one  side  a 
Kiinilnr  insulatod  pljite.  also  fittod  with  balls  or  Kitviw  ;  a  very 
sliljlit  effect  is  produced,  tho  indiciitors  on  the  ncitivKt  Ht<lcs 
Khnwing  tho  usual  small  attractive  forces.  But  if  we  connect 
this  Hrcond  plate  to  "  earth  "  an  immrliint  offi-ot  occuni ;  tlio 
indicnfors  on  tho  outer  surfaces  oollapsc,  while  those  on  ibe 
inner  faces  show  a  strong  divorgenco,  due  not  to  tho  KUppiiscd 
repulsive  force  of  similar  elcctncities,  hot  to  the  attraction  of 
tbo  opposite  plato.  ^Vo  sec  at  fmcc  that  tho  circnit  which  was 
at  first  formed  from  the  plnta  ti>  the  gurrouiiding  surfaceii, 
ceases  to  exist  (or  nearly  so)  and  is  transferred  to  tho  spac« 
between  the  plates,  of  which  the  second  shows  a  —  oliargi-  t-qual 
to  tho  4-  on  the  first  plato.  The  old  theory  culltMl  this  an 
induced  —  charge  brougnt  upfront  tho  earth  by  the  attraction  of 
tbo  -f-  on  A,  whereas  it  is  Ainiply  the  actual  —  oountcrpart  of 
the  +  inseparable  from  U,  but  constituting  with  it  a  field  of 
force  wherever  it  fitido  the  Itsist  reeistaiice.  that  is  to  say.  wbeje 
there  is  present  at  the  shortest  distnnoM,  inalt«r  having  the 
moHt  capacity  for  generating  tho  field,  or  as  the  next  stage  of 
still  lower  ireeistanco,  matter  c»|inble  of  transmittiue  electric 
current.  In  this  state  we  cannot  diHcbai^  either  of  tne  plateii 
i'ii'Kb'i  by  any  earth  connection,  wo  can  only  slightly  diminish 
the  (uiaxgc ;  if  wo  touch  +,  n  derived  circuit  is  aet  up.  and  a 
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portion  of  llio  poxitiru  vtiArgo  )iaitKcd  to  RnrroiiRdJng  oondactora, 
and  Uio  mora  distant  uptirt  thu  duNM  arc,  tbe  grotUiT  this  portigD 
will  b«,  becanm  tho  cliar^  will  dtvidu  itwlf  in  pmportion  to 
the  rohjatanoo  gf  uvory  p*tli  open  tu  it.  If  va  n«st  touch  — ,  s 
HintUar  action  ooonnt,  anil,  slop  hj-  stexi,  ifao  dtargv  Dwy  bo 
removed. 

In  thcno  oondttiimx,  tlic  pUtoi  (which  exactly  ropment  tbo 
tiro  coatings  of  a  TiOvdiMi  jar)  fairly  uorroipond  to  the  two 
plates  of  K  calvanic  coll ;  cunnMtting  otiu  i'liit<:  to  earth,  ito.,  is, 
the  BaDw  thing  n«  coniiiioling  oulj-  uim  pulo  of  a  battery  to 
appaialiii'.     !Soo  S  lO). 

I03,  UocNb  OR  DBsmuLArm  Elixtiucitv. — Them  mo  torros 
which  belong  to  tho  cdd  thiwnnf:  Ihny  nn?  meaninglMS  tinder 
the  now  thci>ri«it,  but  are  ulill  i^mjilovwi  in  toit-booKs,  When, 
U  in  S  loi.tbi;  +  '^biirgd  aclff  by  induc-tiim  .>n  the  cylindor  a, 
Fift-  30.  it  is  Buid  lo  hniik  nj>  tlm  ncutnl  electricity,  to  stiract 
ile  —  and  U>  repel  it*  +  tu  the  fitrlhitr  end  of  Uio  cyliudor: 
this  cylinder  hiut  tlicii  two  oliur}(i.-ai  t>{  ul<-clncitr,  of  which  only 
the  +  will  lenve  it  w1h-u  touched  to  isirth.  Thin  -f*  is  calW  tlitt 
fre-t  char^  and  tho  —  is  twid  to  }m:  btynitd  br  the  attnictiou  of 
the  +  ball-     'l^e  real  actions  liuvu  been  expfiiined. 

If  wo  tnkti  the  eleotroscope,  Fig.  B,  p.  19,  and  altnch  the  plato 
/,  and  plnctt  a  simiUr  plat«  npou  it,  the  fauea  luring  rnrniiUied, 
wo  liave  a  uoudensing  electiosoupe,  iu  whieli  the  two  currcdpond 
to  and  play  tho  saune part  as  the  |>Uteain  S  loi,  while  tho  coat- 
ing of  vaminh  oorreapoiids  (o  the  air  lM!twe<:n  tlie  plat(«,  biit 
with  A  miit-'h  gmter  capacity.  If  we  apply  a  ni-nlc  manio  of 
ek-ctrieity  to  the  lower  plate,  only  a  very  nlight  aciiiin  ovcuni  nt 
tho  tf-aviw;  if  wo  tonch  Uie  upper  ]ilato  while  the  Koiirec  in 
acting,  there  will  be  acr.utiuUa(ion  iu  the  eoodunxer  fonned  by 
the  twi>  pbiti-a,  bccsuso  its  capacity  vastly  exwedN  that  of  tbo 
highly  rtu-<iiitiu^  drouit  of  the  k'avcs  theiusetvox,  bat  na  tho 
noton'tial  remains  tho  «ame  the  leaves  show  no  moio  action 
boconw  the  two  circuits  do  not  disturb  each  otlier,  each  acts  as 
thouf'h  it  were  alone,  just  as  in  tlio  ease  of  ihe  foil,  f  97.  If 
we  now  reniovo  the  upper  plate  (tiftf^rdiaconnucting  the  souroe) 
the  Uarea  atpand.  Why?  To  ^uoto  a  coiuiuuu  exjitanation. 
"  tho  capacity  of  tho  oondcaser  diminishes  enorinuualj',  and  the 
Enjnll  quantity  of  eloctrici^  ia  now  able  to  raise  the  iKitiTUtial 
of  the  plates  to  a  higher  tle^roo  and  the  gold  leaves  expand 
aoconliti;;ly."  Tho  OKplanation  simply  obscures  the  natiira] 
facu.  'I'he  plates  have  nothing  to  do  with  the  matter;  when 
the  upi>er  plalo  is  romoved  tho  couden«er  ooosm  Io  oAiat,  or  it« 
capacity  is  greatly  rodncod,  but  there  are  two  distinct  oirtiuitu 
thiongu  tho  air  to  utbor  iiurfaccs;  one  circuit  is  from   the 
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fiUifncD  ui  llie  {ilato,  the  othur  from  thai  of  tli«  leaven :  tliono 
lattor  (if  tliere  is  an  oarth-plato,  au  tthowD.  proviJt-d  h\  the  fuil 
ou  th«  giaea  case)  have  a  circuit  of  much  the  loweat  reAistaticv, 
and  tli«  action  wucentratos  thoro  just  aa  de&oribed  in  S  toi 
vhva  tlie  oirouit  is  changed  by  divoraton  to  the  aecoud  pluto. 
If  in  that  cxporiincmt,  the  two  platca  are  placed  as  far  upart  aa 
pOftdble.  they  will  only  rccciTo  a  certain  quantity  of  electric 
ohargo  iVoin  a  source  of  a  given  potential,  eiioh  ub  a  battery :  if 
wo  approach  the  platc«.  they  will  rocoivo  a  higher  charge,  not 
bccaune  tlto  two  olcctricitii:s  attract  each  other  more  etrougly 
and  are  therefore  able  to  bind  more  of  each  other  as  the  books 
Mty.  but  because  tbo  rcsiotatice  of  tbo  ctrooit  being  diminished,  a 
■troagei  field  of  force  is  geiieratod,  just  as  with  the  same  battery 
a  stronger  current  is  generated  vthca  tbo  length  of  tlie  intcr> 
posed  wire  is  diminished.  If  the  plates  aro  brought  near 
together,  and  charged  as  iniiuh  ah  possible,  then  the  gnacing  of 
a  sheet  of  glasa  between  thein  would  enablo  mure  eloctticily  to 
be  taken  up.  and  if  «bouit«  were  substituted  for  the  glass  this 
"oapacily  for  oloctriu  charge  would  bo  stiU  fnrtber  inoroaMd." 
Thus  uoi  only  the  Mirfiieen  taking  Uiu  apparent  charge,  bat  the 
iiiicruoeod  material  in  whiuh  the  charge  is  really  etored,  take 
part  in  the  action  ;  the  molecular  theory  gives  a  cleitr  explanation 
of  the  facte.  The  charge  a  given  circuit  can  receive  from  a 
given  source  is  in  the  invrr(«  ratio  of  the  rtriitanre  of  tlial  circuit ; 
or,  in  otbor  words,  fjoimrtiomX  to  ill  inductive  eapacity. 

10}.  ENCLO»Et>  tji'iiiuili. — The  action  of  a  spliero  enclosed  ia 
auoilicr  sphere  nl!'>3rds  tho  most  oom[doto  study  of  the  principlAa 
of  the  iiuluctivo  cirouils,  aod  it  is  so  completely  enshrouded  in 
mystery  in  muHt  of  tho  text-books  (hat  it  is  desirable  to  examine 
it,  althoucb  in  m  doing  wo  are  realty  going  over  the  ground 
again,  as  it  involvem  tbo  principles  of  all  tho  subjects  disciisstjd 
ii  99-103.  Fig.  1 1,  a  is  a  bull  of  metal,  mounted  on  a  glass  tube 
cemented  into  a  neck  on  h,  which  let  a  hollow  ephero  divided  in 
two  at  its  horiKoDtal  diameter,  so  that  llic  uppi-r  half  may  bo 
lifled  by  tbo  glass  tubo;  tbo  lower  half  is  mounted  on  an  insu- 
lating stand.  If  wo  now  oonuccl  b  to  tbo  prime  conductor  in 
tho  ufeiul  muiner,  it  will  roceivo  a,  charge,  and  on  lifting  the 
npjicr  half  no  electricity  will  be  found  ou  tho  iiwido  oft,  or  on 
the  bull  (I.  I^ven  if  we  intiurt  u  wire  in  the  tube  and  connect  a 
and  b,  a  will  receive  n»  clutrj;i* :  but  if  the  wire  tw  left  in  a 
during  removal,  tlieu  obarge  wilt  hi<  found  on  it  by  transfer 
irom  b.  This  Is  one  of  tbo  old  cxperiun-nta  nhowing  that  tdiai^ 
rosidcs  only  ou  external  surfaces,  llutif  wedrop  a  wire  through 
Ibo  tubo  into  a,  and  obarge  it,  oouui^ling  h  to  earth,  that  is,  to 
tic  rvbber  of  tho  uuoJiiue,  tiieu  we  BbalL  find  -J-  olectiicty  on  a, 
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and  —  on  ttie  riw»il«  of  b,  Trhila  tbo  ouUide  nill  sIum  tm  tign»  pf 
lUeirieilg,  If  thu  rubber  is  as  iiEitnl  ocnnectod  to  earlb,  «nil  alw 
direct  to  a,  while  b  in  clmreod +,lioth  inside  and  oiitaido  will 
bo  fgnud  chargvil  alikft  and  tho  inner  charge  will  hv  i-r]uul  to 
th«  —  L-bargo  Toanit  ua  a,  aitd  greater  than  the  oaUtr  charge,  tlib 
heiDg  duo  to  llio  sniuHer  ojmcv  i>f  air  between  the  tnttde  utb  and 
a,  as  oonipared  with  that  botwMu  th» 
(miM»  of  6  and  KununiKling  bodies ;  wa 
have  in  foci  here  two  inductiwe  dratitt 
08  in  tho  oLhcr  owoa. 

Agoio,  if  wo  diargo  a  tut  l>«forv,  and 
tlnn  hy  a  dtwharf^r  oonnoct  tliv  wiru 
lowJins  to  it  with  tho  out«icto  o(b,  on 
ntmuving  tho  appcr  )«rt  no  Itium  of 
cUctriiitv  will  bo  fonml  imuiiiniiig  on 
0,  if  thu  rubber  is  ootinoc^itni  ti> "  vnrth." 
Farthor.  if  wo  chargv  a  from  the  con- 
dnotor,  tbo  nibbcr  living  to  earth  and  h 
DOt  ooniMiotod  10  tlui  iiiiMiliine  at  all,  vo 
•hall  find  that  itii  iiwidv  im  in  a  —  oiiii- 
ditioii  and  iU  outxido  +,  and  tliia  outer 
charge  will  bo  equal  in  t|unutity  (<i 
that  oD  a,  and  yot  altliongh  the  uiitMidu 
oad  iosido  aro  in  intiii]nt«  inutollio 
oootoct,  thmo  two  cloctricitiuM  will  not 
re-nntte  oa  long  na  tho  cJliargo  i"  main- 
iMinixl  upon  a;  hons  b  i»  under  titu 
■UDO  oocditioos  oa  tlw  mil.  S  99-  Thia 
i«  a  oimplo  nuttorwhion  the  test-hoolcB 
niMlor  uiystoriona  W  the  inlroduction 
«r  "  poUrtitial."  Trtioy  nay  ihat  no 
avmot  powMM  froia  tho  outnide  of  b  to 
tlw  iiuiila,  bocsiiK)  although  difitircntly 
chjug«d  +  and  —  Ikty  are  tU  Uie  taiiK 
poUatM,  tliu  oriileaoe  that  Uioy  are  at 

thia  mmo  p^itvntial  being  tlie  fact  that  tliv  cnrn;'  '  -  not 
pan;  tliis  rwiiuuiiiK  in  a  <>>rcl«  b  uonucf^i^iwry,  ami  .[:'  i  o  of 
th«  idM  of  po(i.-ntiat  tii-rti  is  misleading.  If  it  were  Guid  that 
ihcro  WM  no  Aifertace  o/  ]»le>tluil  between  thoin,  it  wotiM  ho 
menilj  a  ronndaiiunl  way  of  eaying  tbut  tbo  opiKitrito  charge* 
oo  llui  two  Mdi>a  Udong  to  two  vntirely  diMinct  _  cirouita 
having  no  nJatl^fU  of  jiuteiitiAl  boiwow  them  at  alt. 

When  tho  circuit  14  iutenud,  by  charging  from  tho  two  polca 
vf  an  intniatnl  ttcrarco,  Ihwo  is  no  cxtvnuil  evidcnco  o(  ilio 
inMBM  of  eiectrh  cbargV'    There  is  uo  reesou  "R^iy  \\t.vtQ 
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hIkiuIiI  he,  but  an  eliiborAto  oxpUnation  of  tti«  nktuml  Dwxamxy 
fact  in  providod  in  tbo  nutlicmaHoa]  tlii-nr}-.  A«  tbo  action  of 
oba.r^  npoD  a  sphoro  is  tho  wimo  tu  if  it  were  oonoectiuted  at 
tho  centre.  §  107(a),  it  in  nrgucd  thnttlio  +  oharg*ona,uidtli« 
oqnal  —  oharge  on  tho  iiittido  of  I>,  hnviiig  equal  opponto  actiona 
fnxii  the  ooinmon  ountrv,  iicutiulii^c  uucli  otnor's  oxtcrnal 
iictifus— aotioiifl  whicli  liavo  no  cxi»t«'ii(.'c  at  all. 

104.  Lbtdks  Jau.— It  i«  obvioH*  tliut  tins  conilitions  of  tho 
Ldjilt^ii  jrti-  aro  idpnticnl  wltli  tliosii  of  tJiO  two  Bjihtros,  ho  that 
wo  ni*y  tiftoe  out  Bonio  im|imt«nt  [inrts  of  Elcctncal  Theory  by 
ai'l  ofiheeo  fotnilUr  inslnimcnln. 

Aooordiug  to  thu  iii(illic-iniitio:»l  tlicory  of  electricity,  curreut, 
and  (JiBcbargis  Ac.  aro  iliiu  to  difference  «/  p^lcnltal,  the  actual 
poaitiiMi  of  tbo  two  (iiiint»  011  vrbut  wn  may  cvill  tbo  "aoalo  of 
poleutial "  having  ni>  influt-nce,  Wbi-n  tho  won!  "  potential "  is 
need  by  itoolf  it  oxiin-aBtH  ibe  difluroiifo  of  iK'tcntial  from  an 
assumed  zero,  tiNiially  tlif  earth.  Such  11  poalo  of  potential  is 
aualn^ous  to  a  v<:riic]il  ciiluinii  uf  watur  in  which  difleront 
pre»fiiirv«  may  t>0  oliUiined  at  diQi.-rt:iit  hoightK.  Tho  aaino 
eSeot  will  occur  bi^twecii  two  j)oiiila  in  au  olootric  circuit, 
whether  thwe  {loiiita  are  at  +  1 ;  atid  +  5  ]H>t«ntisl  as  re- 
gaids  Hero,  and  though  Imth  of  tlniiii  Imvo  free  +  charges,  lis 
would  octur  lir-tttfoii  twi-  iHiiiiU  iit  +  J  and  —  5,  with  equal  freo 
+  and  —  chargiM.  Tho  fucts  iint,  uf  vt>unu>,  true,  aod  for  euioo 
of  ihi-  purj)UftiM  of  culeulaliuii.  the  thoorv  has  its  advantages. 
But  tiiri  theory  id  nut  true  ua  a  fact  of  nitturc.  The  w&'"~ 
ai'Alugy  itacif  dlKprovua  it;    lh«   ocilumu  «f  water  below 

Suint  at  which  current  nasaes  is  inert,  it  it  not  in  tKa  eireuit. 
>ut  thnn.'  in  no  audi  tning  ts  a  —  prcaxuru  in  tho  column  of 
wat<T ;  tbo  roal  jiresauro  ia  alwaj-a  +,  always  in  ono  diieclion, 
and  is  ivlatcd  lo  tb«  centre  of  the  earth.  It  in  the  enrae  in  elec- 
tricity ;  there  is  no  actual  +  and  —  (aa  in  the  old  fluid  tlieories), 
thoHC  merely  represent  the  relations  of  oppoood  sides  iu  tbe 
inrtiviilual  eirmio  alone;  tbe  same  point  of  spaoo  01*7  be  +  to 
ono  circuit  and  —  to  ancther  oircnit.  but  these  two  circuits  are 
wholly  indopendeut.  The  scale  of  potential  isa  pur<.dy  arbitrary 
conci^ptiuu  ;  what  really  exists  is  lines  of  forca,  with  a  directive 
inlliieiice  upon  energy. 

Wc  may  talte  iho  two  snppoBod  jars  (ij  +  5  +)nnd  (S  +  S  ~) 
and  join  ibe  two  external  cuatinge  together,  nu  matter  whether 
they  be  both  +  or  one  +  and  tho  other  — ,  and  wo  may  then 
oonueot  both  to  tho  auppoBcd  zero  of  potential,  the  oartlj',  with- 
out producing  aoy  effect  upon  tbo  chaigca. 

To  meet  tliii  fact  llie  other  artaficiiil  doctrine  of  bound  elo 
tn'citx  nnff  iavoateA,  and  tliis  is  dealt  wiiU  %  101,     But  the  jura 
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in  thin  i3Uta  iirv  cxiu-'tly  unutogoun  to  two  iliiUinct  gnlvmnic  cells, 
wbit'h  mav  Im  ivmtiined  wi<l  conitvotvd  ii)  uiutctly  the  Bams 
tniuiDcr  williuiit  prixluciii);  curriMit,  lut  long  a*  tbo  othor  polw 
(o>rrt»i]ftiii(liiig  lu  till)  luiii-r  oucttiiigx  of  tlio  JArit)  nro  not  ooa- 
tiooinl.  iruilur  theM  circunuitanci'-*  veo  cwi  itiMitlutu  Iho  jars, 
vitlinr  c<>i]titM^t«il  or  Ml>arat«,  and  wo  can  give  tho  oxtcnal 
ecwtuiK"  n  Am  rkargf.  But  whitt  Is  thiii  but  KlUing  ii  tliirj 
ladiKTtive  cin^uit?  We  can  chaive  the  external  ciatiiign  +  or 
—  .  liui  in  BO  lioiu^  wo  Himply  loake  the  outside  surCiuiia  tlwono 

•  '  t  the  air  uf  iliu  mum  tt>  wliicli  llio  other  ouatiu^  in  iIm  J 
t  ..iig  vDrfao:.  We  oaii  evt-n  put  oppmilu  frea  vtiirgcil  I 
vu  tlio  tAO  jnra  in  tbu  nme  mutiuur,  uml  vro  cau  unite  thoae  I 
obsrgee  «ith«r  the  name  or  ihe  oi>poi>te  of  the  olurges  vrkioh  1 
their  initer  sartiKiee  War. 

105.  When  we  ]iat  ihe  Lejden  j^ir  ia  the  furm  of  flAt  plates 
we  Mm   eee   tliat   there   is  a   striut   aiuilogy  betvpca    it   and  ■ 
hstteries,  either  primary  or  acoond.'kry  :  they  arc  all  reaaivotrv,  1 
Bot  of  a  myaterioiLa  oality — elect <  icity,  hut.  of  <mr<jg,  in  euch 
oooditious    that    its  change  from  potontial   to  ktnutio  occiiis 
bv  settiog  ap  §iich  molocnlar   chances  as  oonfltitiit*'  cU-ctric 
pii(-namoua.    The  plates  are  electrociee  to  ■  dielectric  in  the    , 
jar,  to  cliwtrolytee  in  the  iMlteriee.     In  the  jnr  the  onor);y  ia   ■ 
ctorvil  in  tboformef  soinemoleculAratreH  piotliiced  inchargiiig;    ' 
au  in  the  si'conilary  Ixttlery  chemical  Btremes  or  afBnitiee  are 
generated,  by  an  external  Eotiroe  (as  in  thn  >ar),  while  iu  the 
primary    lottery    ihoee   sacue   sireeeea  oxint   in    the    materials 
etnidovd.     This  analogy  chows  how  iiniiuoesMuy  nro  all  the 
daVwrato  tbeoriiM  of  potential  caipl'>yoit  to  explain  the  uvtion  of 
the  jar.    As  lo  raudual  ohargo,  see  5  1 09  (1). 

The  annexed  Ulntlar  nrraiigooiwit,  p.  (/>,  illuHtratea  the  ro- 
Ulioiia  very  forcibly. 

loj.  CAi-.iarT. — It  is  nitnal  to  define  oapueity  for  charge  as 
relstiv*  to  anrfiicc,  but  thin  iIiKgniM  the  now  known  face  tliat  J 
dlmonsions  of  n  aurfaoo,  or  iiny  a  Hphorc,  ■ffi-ctit  the  capacity   1 
naly  liccause  it  furinn  n  i.i>nnrcti<)n  to  the  apace  nnii  the  mi.-<titim 
oc'^T>'\'ini;  it ;  tb<in^fun<  the  expreMion  ia  often  ijnalifiwl  by  tbo 
r  ',  "  proTided  it  it  at  a  oonaider«hle  diflt«iii.v  from  snr- 

:  ■iirfacM.'*   lloadura  whohaveoomprehendud  preceding 

•  MM  will  anlenUnd  tliat  a  iiphene  has  nu capacity  at 
■  U-rM  tijr  itulf,  nnil  that  any  atatements  referring  t  >  the 
r.<[>i<i'i<  ri  of  aiiigle  surfaoea  are  raervly  artificial  procesuea  of 
cuKoliii'iit.  ni't  uKpreMona  o(  natural  facta.  _ 

Cavoeitf  i*  tae^uitnl  by  tlie  electric  quantity  necessary  (o  KlIm  ■ 
Ihff  uiargo  to  unit  iielviiLiur.  ' 
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{ 
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copacitj 
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Chaboi 
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Potentkl,  in  Tolta. 
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odIs*  forming  chains. 
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rssiitBiioM, 

circnita 
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/ 

reaiatancM. 

Bqnara  of  aharga  in  tmit 

Uaa 

1 
\ 

Square  of  onrreot  in  unit 

or  cqnal  refbtttuco. 

Of  equal  resiatanoo. 

TontcuL 

Charge         n  ~  '^ 

CnrrenV 

l-o 

FoUrUial      Qxlt  =  E 

Eliolromotire  force    C  x  R  =  E 

lUgitianM     Q  =  ^ 

BeBlstanoo 

i- 

unit  of  capacity  in  the  centi metre-gram me-second  system  of 
tncasnroment. 

Capacity  of  Bphcrea  vnrics  as  their  radii. 

A  ohar(;o  on  a  sphere  acb)  ektemally  as  thottgh  it  wore  located 
mi  tho  centre  of  the  nphore.     See  §  101. 
{ij  Cbncm/tt'e  tphereg  iave  a  capacity  depfttideiil  aa  <ha  tela- 


LAWS  or  cwjicnr. 

tivo  r»dU  r,  mcasnred  hy  the  formula  -5 ,  in  whidi  H  ie  the 

oatei  sphfiie.  Tlui  rationalo  of  Llii!i  fonuula  la  Ihat  it  r«|>r«aeiits 
tlis  capacity  Aau  tu  tlio  product  of  tho  two  mtlij,  au<l  iuvvr^uly 
Ui  the  thioknua  of  tliu  dielcctrio,  wbicb  ia  the  difference  of  tlio 
tadii.  Now,  if  thv  inuor  opkore  ia  a  amall  1)al),  while  tlte  outer 
ia  reproesnted  by  dintaRl  tttirfaces.  a  moderate  increase  of  the 
radiua  of  the  ball  dova  not  moch  affect  the  tbickiiesa,  or  dleit&noe, 
ao  that  Ibe  cagiocity  rariea  otttxiy  as  the  raditia  of  the  ball  as  in 
caoe  (a);  if  ttio  lu-o  apbereti  are  very  oloee,  their  radii  only 
aflbot  tb«  formalm  by  the  corree ponding  snrfac<^  and  the 
pcincipal  element  is  the  thickness  of  the  dielcctrio,  and  the 
nmlt  iH  the  aame  aa  in  (e)  and  (e). 

The  actual  capacity  in  any  given  case  is  ascertained  by 
fliiiltipl;}'i»g  tlie  rvHult  by  (bo  specific  iniltictivo  capacity  of  tbo 
dielectric  envloaed  betwetm  the  two  apberoa. 

(«)  Omeemtrte  ejfiimdert,  auch  afl  Leyd«u  jan,  or  sabmarino 
flablea,  hare  a  capacity  dependent  npou  their  length  and  thoir 
diwnotors ;  that  la  to  aay,  really  upon  the  efficient  thickncm  of 
the  ttncloacd  dielectric,  aitd  alao  upon  the  ap.  ind.  cap.    Tho 

fonnola  ie  E  =  ; =,  in  which  K  ia  tbo  induotiv»  capacity ; 

log.  p 

d 
k,  tb«  sp.  ind.  cap.  of  the  dielectric ;  i,  thu  length ;  D,  iho  outer 
diamMer ;  sad  d,  the  iun^r.    The  formula  famishM  tbo  current- 
giving  power  of  cylindrical  battori«8,  because  tho  logarithmic 
ratio  of  the  aylindera  expteeaca  the  internal  roeifitanco. 

(J)  Tvrpain  0/  jiatei  of  any  form  the  formula  ia  E  =  t ' ' 

It  will  Iw  instructive  to  oomprchctid  tho  part  played  here  l>y 
4r.  (t  bfing  used  in  all  furmulia  for  the  cirouii]f(.-r(-:ice  ratio 
I'M'S?-)  I"  the  ouo  of  a  Kphcrc  tbo  oonntuit  ratio  of  tho 
nroo  Ut  the  surfoco  dooaity  ia  4  r,  and  thiit  ia  connected  to  tho 
tvtattiin  of  tho  surface  of  a  sphere  to  ita  rotliua,  which  ia 
4*  X  H;  that  is,  four  times  the  circamfcrcnce  ratio,  mtiltiplied 
ay  tlui  square  of  the  radius.  Now  Hat  plntea  may  be  coD- 
lulered  aa  parts  of  tho  snrfaoM  of  Ti-ry  lar|^  apberco,  and  the 
foraola  ia  derived  from  this  artificial  rei>nM>entaliun,  oomlnned 
with  tho  trcatine  tho  two  chargoa  oa  acting  from  the  centre  of 
the  imaidnar}-  ephore.    §  lO}. 

(«)  l^o  formula  can,  therefore,  be  simplified  1^  passing 
&Otu  abstract  mathematical  concoptiona  to  pmctioat  conditionsi 
by  oaiug  Duit  dimoneions  and  rafnm.  If  we  take  Obft  li(^UX4 
bot  aa  anit  of  aar&ec,  imd  odo  mil  as  unit  of  tbioVnCft*,  x\>wg 
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the  ujt,  ioO.  mp.  of  {ilates  of  Uioso  OimoniHoiia,  tbe  fonunla 

bccomcis  K  =  k-,  and  furaiBhcs  tli«  capacity  in  microfftrnds ; 

i  ill  this  ooM  a  the  unit  vnluc  ia  tJie  taMe,  p.  71.  Id  this 
caae  t,  ihc  thiokiioBS  of  thi- ilieluotrii^ repreaeiUs  the  infinitesimal 
differenoo  between  tlie  two  iningiuar}'  radii,  and  thervfora  tlio 
obaree  ia  invonely  an  the  thick»e«»,  altJiough  the  forces  to 
whiw  it  ia  Htl  I'ibiitt^d  vury  us  the  squaTcs  of  tlie  dUtanceB, 
reckoned  from  this  ideal  tcntre. 

108.  DiEi.ECTRics. — All  mibntuncca  posseBS  two  properties  iu 
relation  to  eli-otricity ;  all  conduct  elootriciiy,  but  with  very 
diQ'c-rcnt  raoility ;  all  olTi-r  a  degree  of  revistunce  to  transmission, 
and  tiiidergo  a  curiain  tuulecuUr  stress:  resistance  and  tlits 
suscc-ptibitity  to  Btrcus  an;  not  identical,  nor  even  prtiportionate, 
yet  tliey  have  some  relation  to  eat-h  other ;  dubstiineea  which 
undergo  tlrets  and  retuiu  the  strained  condition  whcji  the 
geDeisUng  force  ia  wjthdiawn  arcs  culled  dietectrict,  and  the 
facnlty  of  receiving;  this  atreaa  ia  culled  inditcfive  capacity. 

(a)  Indaclko  enyacity,  or  electro-alatic  capacity,  is  iueaaur«d  ia 
"  micro fuiiid»,'"  and  tpedjlc  iitduftive  eapncHy  la  the  degree  of 
thiK  prupi'rty  puwetiaud  by  npctified  or  unit  dimuiinioiiti  of  iiauh 
particular  aubnlanco.  Inductivu  capaciiy  vunea  with  tciunurn- 
ture,  and  ia  generally  leduoud  by  beating.  It  Lt  eomiei-ted  alao 
with  the  mlatiun  of  subatunuuii  to  liftht,  fyr  the  wpeeific  inJueliva 
capaeily  (^f  Bubataneea  ia  ua  the  H(|iiare  of  their  nfractive  indese. 

(t)  JUiiitanrc  i,f  diiUttrio)  fuUowB  the  saiuo  laws  us  in  con- 
ducturs;  it  varies  as  the  thickueaa  and  inversely  as  (he  ar«a; 
each  subetsuoe  has  its  own  s]ieeific  reaiatance,  but  in  dieleotrioa 
it  varies  invcracly  aa  tem])6rature  ;  it  ia  measured  ta  meeohtM 
(million  of  ohios)  on  account  of  its  magnitude,  as  compared  with 
that  of  oonductoFs. 

Guttapercha  is  usually  mttusured  at  75°  Fahr.  im  unity,  and 
its  specific  resistance  may  become  (dcoording  10  WiHcughby 
Smith)  2yC  at  ja^and  be  lowered  to  '2233  at  100^;  but  otlior 
valuea  aro  alao  (jiven,  and  no  doubt  much  dependa  upon  its 
purity.    Thu  resislanoeof  1  mil-foot  is  io£6  megohms. 

Iiidiaruhber  varies  iu  the-  same  maimer,  but  to  only  about 
one-tenth  tho  aniuunt;  and  the  resialance  of  both  inoTMcos 
with  pressure.  Its  te»iaiauce  for  1  mil-foot  is  10,770  inog- 
ohms. 

(c)   The  product  of   the  reaiatanoo   in   iiH'gohma,  and   tho 

L'upiuiity  in  mierofarada,  of  any  dielectric,  is  a  coiivtant  value  at 

tUi;  «inie  t^mperaturo,  irrespective  of  dimeuaiona  or  fumi. 

(t/j  JMerlrvtiicg  bnvo  ouch  a  spocillc  breakmg  tlrain,  or  ijowtr  of 

ea</oj7imv^  §^C;  whcu  tho  "slrea»"  exciitia  Cii\»,  VW dwlactrio 
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breaks  down,  uii)  diwhaT:go  oocan.    £v6n  Uiick  g\»w  nutj  be 
pwrcsd  when  »  powerful  obu^  in  ooDoeatratod  uiton  n  sinaU 
•n*  by  moaait  of  puintod  ooiiJQCtor§ ;   sach  lirealcti  luEnimo  »    I 
tigtag  lino,  full'tvuig  tbo  points  which  oSer  least  rutuKtAiKM),    ' 
or  which  have  leouit  cnpoctly  fgr  etrots,  and  the  dischafgo  way 
break  off  iato  Koreral  lines,  an  lichtning  <lo«a.  . 

(e)  Tbtt  act  or  chargo  alton  Uio  dimcnBtons  of  tbo  diulootria    I 
If  a  glass  tube  ia  fillrol  with  wat«r,  and  a  spark  1«(1  iuto  it  by     * 
oondnclopi,  tba  wntvr  actat  momentarily  aa  a  diekctijo,  a&<l  iho 
act  of  dinuhargo  ahattoni  tbo  glasa  to  pi«ooe.    The  exiMnalona 
aad  oontraotiona  which  occur  in  a  condensor  aro  such  aa  to 
eoabte  aodiblo  wwnda  to  be  prxtducod  a>t  ta  a  t«lephou(>.    \/hou 
a  transparant  diolectrio  rocelvea  a  oLurgo  it  is  fuund  that  the 
arraDg«ni«nt  of  ibt  molecaUw  ia  altoiwl,  so  thitt  it  acta  diObreatly    J 
with  polaris<.>d  light,  just  rh  ia  the  case  when  the  magnetic  field    ^ 
i«  fonocd  in  x  tiancparcnt  aoWtanoo,  and  thv  drgroo  of  chan{^ 
prodnaol  it  pfoportional  to  the  sqaare  of  the  cloctric  force. 

Thf  finU  of  foK«  thus  formed  ia  boauUfully  showu  by  aome 

vol  xrii.  p.  jio,  of  tbo  Sodety  of  Tel^-gnipli- Engineers  aod 
£leotri«iaDt.  Two  cylindon  aro  so  anangcd  in  a  glass  trough, 
ooDtaininfr  a  Uinid  ilicloctrio,  that  a  ray  of  pularizod  light  can  ■ 
tmrerso  the  spaco  between  tltiMn.  Inimcdialcly  on  charging,  ■ 
this  apaoe  booomes  douhU-rttfractlng.  lis  glaM  docs  wlicu  under 
naeqaal  atreaaos,  and  the  beautiful  oolours  and  furuie  of 
poluixod  light  are  produced. 

if)  Wbon  a  current  passes  into  a  dielectric,  there  is  first  a 
■audes  msh,  and  theo  a  alow  flow,  due  to  two  canses. 

t.  Jjidtagf^yiWti^  i*  a  true  current,  due  to  the  actual  con- 
ducting power  of  the  substance,  or  to  any  aocideutal  defecW, 
BOob  as  oracks  in  the  fpHtaperoha  ouvori&g  a  wire.  J 

3.  Sotln^.    The  diolxotrio  appeara  U>  absorb  eleclrioity,  as   I 
Ihoogfa  the  strcM  were  at  Gmt  produced  in  only  the  nearest   I 
and  raoat  yieldine  ]>oTtionii,  and  tiicn  it  appeara  to  be  gradually   \ 
developed  (hroughimt  tlw:  iuaks.     Ilenw!.  the  indiictiro  oajuoity 
of  any  diulectrio  wilt  l»5  found  to  bo  diflVreiit,  if  it  is  taken  for  a 
tnenify  tuomentar;^  charge,  the  vnluo  of  tho  fiiat  rush,  or  after 
a  prcuoD||ed  electrification.    For  meet  porpoaoe,  it  is  the  first  of 
tiMSe  whieli  ia  of  moat  importance. 

(•^)  \S  bca  a  oondcnger  is  discharged,  a  corToapondiog  current 
is  prodooed ;  firat  a  ruah,  then  a  alow,  continnous  current, 
whR^  ia  Ibe  "aonkage"  coming  out.  But  when  a  condeuHir  ia 
disoharged  itwlilcply,  oa  through  a  tunall  rvHistanco,  tho  cUTieut 
AMtiUalet  thruogh  a  w-tJm  of  rcrtinals,  diminis'hmg  in  ^tiomcVno 
jaoffm^^.    Tbo  c»ai>o  ia  probably  the  ioB^riUly  ot  iVw  wu- 
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dnctor  to  at  onoo  acoonimoiUte  ititolf  to  the  current,  tliat  ia  to 
what  U  cntlcil  itH  Kelf-induGtioi].  A  paper  hy  Dr.  FI«>uiinK  iu 
tbo  Electrician^  xxi.  &,  allows  tlic  conditiuiui  act  up.  T»  u 
liigh  rc«ietan<i(i  tliu  oOeot  ht  a  carrctit  rapidly  £>ding  out. 

(K)  It  i«  ii<M<.iili1u  oven  to  send  in  suocessivfi  revoned  ohar^gos, 
which  will  lullow  uacii  oUier  into  the  mass  of  tho  dioloctric,  And 
will  rctnrn  as  oununts  of  altamato  direction.  Thli,iil*ci,occttrfl 
in  long  oahlcw,  into  which  BuccessiTO  .f  w^  —  i'npul^M  nniy 
follow  cock  otbor,  and  appear  as  sigiials  at  tlio  diAtaut  end. 

(i)  SMiinal  charge  is  a  result  of  this  action.  On  dim-hnrginf; 
a  jar  or  condtnaer,  tlie  principal  portion  of  the  charge— that  duo 
to  Iho  first  rush  in  charging — ts  instantaneously  given  up ;  that 
diio  to  tbo  Kmall  current  mnuns  in  the  moss  of  tJie  snlwtonoo, 
and  after  a  tiniua  fresh  discharge  oan  be  obtained,  or  eov«ral 
HuootMsivu  ones,  each  fiuuter  than  tlic  pretiidipg  one.  This 
residual  olmrgo  affords  erideuce  of  tbo  state  of  stroEs  existine 
in  tbo  Kulmtanoe :  if  it  is  allowed  to  eaoape  aa  a  very  small 
current  through  large  resistance  and  a  reflecting  gah-aiioniotor, 
tbo  spot  of  light  returns  slowly  towards  xero  as  the  i^iargo  ia 
given  up:  but  if  UioLoyden  jarbe  tapped,  It  flashes  scioBs  the 
scale,  owing  to  tho  suddun  di«chnrgu.  This  action  is  exactly 
whnt  occurs  with  a  Btrninod  bur  or  spring. 

(k)  For  condoiiMora,  tho  mo«l  iiKofuI  diolcctrio  is  one  of 
high  rc«istani:o  nnd  high  oupocity.  In  tolct^rnph  cables,  hip;]t 
rofiistanco  and  low  eaixiuity  aru  dosimbK\  bcmuso  tho  stored 
charges  ofibotod  at  kukIi  cliango  of  vurront  arc  tho  cause  of 
"  retardation,"  and  limit  tlie  working  power  or  rate  of 
signalling. 

For  tho  properties  of  partiimlar  dielectrics  sec  also  gin. 

109.  RnTAaDATioH, — Whun  a  eunduotor  and  a  dielectiio  con- 
stituto  dorived  circuits  to  eacJi  otbi-i',  tho  conductor  cannot 
rocoivo  tho  full  onrrent  duo  to  tlic  E  M  F  employed  until  the 
condenser  is  charged,  but  tho  current  is  a  slowly  growing  one, 
due  at  each  point  of  titno  to  tho  i>oteutial  tbo  charge  has 
reacbod  in  tho  condenser  1  tbcrofuro  it  cannot  at  once  influence 
distant  instri>niout«.  Thin  is  a  branch  of  the  Kiibjoct  of  "  self 
and  mutual  itiduolion  "  whioli  will  Iw  discussed  in  the  ohapter 
oa  Current. 

iia  Steairio  iNororivK  OArioitr. — This  js  the  relativo 
capacity  of  eooh  substance  compared  to  that  of  air  in  the  saniu 
dimensions,  dry  air  being  t.-ikon  for  tho  standard,  as  water  is 
taken  for  the  standard  of  specific  gravity.  Faraday  took  up  tho 
subject  in  his  practical  way,  using  a  condenser  composed  of  one 
«phfr»  eaoloaoa  id  aiiothor,  and  with  a  tubo^tom  providod  with 
*  stt'jfvocJt  by  yvhich  the  dielcotrlc  cou\4  be  «i.Qua'ni(,ic&.   Tiita 
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atoent  is  idooticBl  in  prinoiple  with  Fig.  2t,  p.  £j.     IIo 

employed  two  mob  pairs  of  eplteKs  of  the  aBiDO  size,  odo  oon- 
taiiung  air  ukI  the  other  tkft  dielootrio  to  bo  oomparoi),  rtud 
cbu]giD(;  butb  to|f«thcr  from  the  note  eourco,  bo  moaaurod  Hut 
*'qauitily"  abeorbe<l  by  eacli,  which,  of  oonrw,  girm  tbo  rola- 
tire  oftpocily.  Othor  experimeutera  have  uaod  flat  P^^  o^ 
BMaatM  difit&Dce,  and  avMled  tbeinselves  of  tbo  dolicato  tnodora 
dectrometera ;  but  tbo  real  vohiM  aro  even  yul  very  naoortaJn. 
Specific  indnctire  cap»oity  is  froquently  expressed  u  tlutt  of  a 
ceoltnietre  cube,  bnt  (or  prtoUotf  oomi>i«heiirion,  the  moat  oon- 
Tenient  form  i«  tbiu  nUles  aa  giveu  in  TMa  I.,  iu  whiob  I  )i«ro 
ooUeoted  the  most  reUable  and  uaet'ol  partiouIarB.  The  value  k 
can  be  calculated  for  koy  Bobetaaoe  by  mnltiplyiiig  that  of  air 
*oj3}  by  the  sp.  iod.  oap.  of  the  sabatanoo. 

TaULK  I. — SPBOIFIC  IswjcriVB  Capacitiks, 
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Dr.  Hopkinwn.iu  later  ciporiiiKMitii,  finda  anerror  inGordun'a 
Tcsalts,  and  given,  exlra-deDBeflint-gluM  9-5,  paraffin  wax  J*ji, 
benxol  3*jS,  bisulpbide  of  carbon  i-C^,  and  oommerolftt  oila 
)■  10. but  castor-oil  ^  S^.  so  that  it  in  evident  ihat  uiU(i\i\tu^«X 


I  BtxTfc  OR  nucnoiiA].  eiJKntiorY. 

III.  lKfiri.Atixo  HUtxxial*. — The  folloiviitpitte  some  of  Uio 
RUlwInDceii  most  useful  in  coDstntcting  apparnlua : — 

(a)  AihrtlDf  is  mndc  into  f^tieots  which  hnvo  many  umm,  suoh 
M  covering  olhcv  inatoriftls  wli*rto  thcro  is  «  liA  of  H{)arUiug  ;  it 
is  also  maJo  into  yturti  and  used  to  insiiUlo  wins  u  a  pruti-ction 
iu  cnxo  (if  heating,  whil«  by  covering  with  shi-lliKJ  tiiid  otii«r 
mnttrnnls,  it  is  rondcrcd  impcrviotiB  to  muistiirt!. 

(b)  Ehouilr  has  powerful  iiisulnling  nnd  diolvciric  |iitipcrtii->, 
but  air  nnd  cwpcaolly  ozone  ronct  on  tho  siiljihiir,  und  render 
ilH  vurfiu'o  conducting,  §  39.  \Vhcn  wannoi)  it  t(oft«uH,  imd  cjiii 
bo  bent  into  iiny  fonn,  which  it  rctniim  011  ciiiulinK-  It  is  abuut 
the  atrungi-ft  of  iill  olcctrio  oxniluix.  Jt  huH  Ixvti  fuuud  to 
IrunKDiit  Motno  of  tho  rays  of  light  and  hiMit,  and  hits  bwii 
nliljx^^^d  ill  HouHiof  tho  roDiArkahlv  ox|)oriiuontti  in  radiopliony, 
wliidi  wilt  III!  dfvoribt'd  further  on. 

ix)  Crlluloid  is  coming  into  use  for  coiifdniditig  buttery  w\\», 
as  it  iueuttily  otcK-nti'd  together  by  11  solution  of  itself,  it  is  really 
a  cimnie  sort  of  colbididii  or  guii-cottcm  made  of  cutton  uasle, 
but  haa  camphor  and  other  ninloritils  mixi-d  with  it:  it  should 
bo  ntmomlxiied  that  it  is  viTy  inflummablc. 

(ri)  Gla»*  varieH  gricntly  in  it*  prnpertica,  (ii«  $  zq.  Crystal, 
containing  much  lead,  in  11  Inid  inHiiIator,  and  all  kinds  oundnot 
when  hcatc'd.  For  most  cloctrical  usee  tlie  tionuan  gtoMt  in 
superior  \ii  English,  si'o  5  S"- 

(e)  GuHajiertlia  in  UKid  in  veiy  tliin  sheet  for  condcnsoifl  and 
in  oiiila,  but  pumtlined  pttpcr  r<.'pln<:es  it :  its  poroxity  and 
alworption  of  water  orcgrrat  defects  for  genorsl  iiwrs.  At  nn 
insidalor  for  wire  it  fails  whrn  exposed  to  air,  Imobukv  it 
t)xiUi/(!a  und  becomes  brittle;  l>iit  when  it  is  cntirvty  uiMlur 
watt'T  it  iuipruvta  und  ap]N»ri»  pruotirally  indestnictible. 

(f)  Oit^mt  h  a  miiicritl  siiIisIoiim!,  whloti  by  diNlillalion 
yields  a  material  closely  TincniMing  pnrallin,  and  n  ]>itohy 
ronidue,  wbiob  ia  largity  um-d  fi>r  inwulwling  wires,  by  satu- 
rating ibe  cotton  covering.  When  tirst  uHvd  great  hopes  were 
entenained  »s  lo  its  valuta  na  its  inductive  cipitt-ity  was  found 
to  be  slightly  greater  t}ia»  (;uita]'6rcha,  while  iis  insulation  vnut 
tenfold  :  it  dooa  not  ap)>car  to  have  fulfillul  its  promises. 

(g)  Parajin  is  k  iui«i  valuable  substance:  recently  ineltcd 
into  a  block,  ji  makes  an  excellent  insiduting  stand ;  but  it 
becomes  permeated  witli  miunto  cracks  wbliih  allow  moisture  to 

rmetrate.  Ita  use  ia  saturating  wood  and  ]:aper  is  desciibcd 
46.  It  is  useful  in  battcri««  to  resist  tho  action  of  adds.  If 
tho  atoppor  and  neck  of  bottles  ate  wanned,  and  a  piece  of 
paraflin  allowed  to  molt  upon  them  and  nibbed  io,  the  stoppers 
n-/y/  not  eet  faat,  and  tbey  make  the  bottle  perfectly  tight ;  also 
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tbo  Ubelx  may  bo  jnrotceUxl  by  wanaiag  orer  «  fia&sen  1>iinier, 
ursnirit  lamp,  H)](&d«Dlly  to  Dwlt  Biul  absorb  pantfGn.  Wlton 
•olio,  tlii«  in  ono  of  tho  b«Ht  iowilftlum,  bitt  its  rcsistanDe  lotvt-ra 
witii  vrarnth,  uxi  rnry  tanch  m>  vritim  mulled,  £f  two  silk- 
oorered  wimt  ^rc  vrouud  i>ii)i>  by  Hido  on  a  ro),  one  cud  cou- 
DOOtod  to  n  batlon-,  un<l  tha  ollitir  to  a  dvltcato  galvauoiii«t«r 
ii*n  cmmiHitoil  to  thti  iMtlury,  the-  uthc-r  two  vniU  beiiig  kept 
np*rt,  rtiiTi:iit  will  W  fimiitl  to  piuu  tliruu^h  th«  silk;  if  tlio 
i>n.*!  U  now  Imlciil  (■arvriill}'.  mitoli  loM  ourrent  will  pus  na  tho 
silk  i»  i)ry :  if  tin-  ^^4.•l  im  now  KiMlcud  will)  tiu.-lt«d  paniffin,  a 
wtiMi'l'-mliln  ciirruiit  will  ptuai,  dimiuialiiii};  uh  iho  rod  oooIm,  and 
ttltiiustrly  lii.'coniitig  tiin{)|>n-oiitblL'. 

rikntfBu  fonnii  a  «ul|ihiir  oontpoiUK)  by  dinplnoomont  of 
krdrogen  ;  tliU  is  a  oriivenient  mode  of  obtainiug  Hmall  tjiian- 
tition  of  aul}>liurellL-<l  hydrag«n  wlticli  ispwuvff  whiMi  pnraflin 
and  Hnlpbur  arc  meltod  to^tber  in  a  (est-tube.  Tho  rtniduo  in 
a  hard  rvd  subataoca  wbioh  would  |>robably  provo  aaeful  fur 
olcotriod  purgwses. 

^A)  SOieuac  is  vhiefly  used  as  a  rarnisli  diiwdred  in  a]iirit  or 
niixird  with  n«iii  and  l)c«ewax  as  a  oeineut  for  ooutiDg  vtuuiclti  or 
naiting  gtaati  au<l  metal.  It  is  a  conductor  as  longiui  it  remains 
liqui'l. 

(t)  Stale  ia  mitdi  used  aa  a  basin  for  oomraulatora  imd  other 
elKtrio  lisht  ii)i}>iiratuK,  where  thare  is  a  rink  of  iijMirkiDg ;  tint 
it  in  linlile  to  ojiitaiii  mtiistura,  and  is  imprDvcd  by  ^llJW 
wnrniitig  nnd  tbeu  being  kept  for  some  timo  in  melted  parafEn 
U'  till  "p  lb«  i-orcfl. 

(k)  Valcaitised  Fibre.— This  serrea  aa  an  adrantagOoiiB  cab- 
■tilutc  for  ebooile  fur  utany  puriiosea,  su«h  as  xtands,  tiilvew,  and 
mBh«Ta ;  it  is  muob  stronger,  and  dooi  not  softon  with  lu-ut, 
thoD(jh  ii  does  with  moisture.  It  is  composMl  of  ixllaloHe  diH- 
■otvod  in  zinc  chloriilc,  and  tlieii  Ircatix)  with  anlphur.  It 
wnrka  well,  and  is  very  useful  fur  washers,  as  oil  <toeH  not 
injum  it. 

(f)  Weifd,  as  it  contains  moiatnre,  vnri<«  mnch  in  its  instilat- 
{Dg  pnwer;  it  is  found  to  cmidtict  m<iHt  iti  tim  direction  of  ita 
fibre*.  The  loole  of  preparinji;  it  with  luralHn,  which  mak«a 
U  an  asouUent  insulator  and  resiater  of  moisture,  is  deaoribed 

lis-  DisonitiaE. — So-oallod  Hlatio  electricity,  which  meaius 
daotriidty  of  f;r«at  tctiHiou  ojienkting  lutroMi  hi;;hly  reeisUng 
BMdIa.  develo|<B  a  cnrmut  of  ver}-  Kburt  <lur.kiiou  analogous  to 
tha  boT«ltu^  of  a  tlnm  iu  tlie  caws  of  wut«r.  Tho  rarious  fonua 
Df  lightning  are  natural  inntancea  of  this  distupU^o  diwi\i%Tu«!. 
Tho  BctioD  may  be  (HfOMlfrod  an  duo  to  the  il^derend'tvil  wAvm 


uf  U>o  aiuElo  pol«b  ond  thiH  vrac  neooHuinl^  Uio  earliest  opiuion. 
and  till)  iNUciH  of  tho  matHoiiuilical  trcutment:  thii  iloctrino 
woultl  iayolvaanipoiar  iUeharye^^  121.  On  theotliurhiudwo  ihajt 
COiiBiiilcr  diMchftreo  lut  ttiiitlo^unH  to  I'loctriu  uhit^dU,  and  <luo  to 
thu  ctimliiiivd  ftcUon  ot  tlio  two  puleti.  But  tlicro  ia  cortninly  a 
dilfifmicc  in  tlio  nL'ttOii  of  tlio  two  ]K)loa  Of  vleolrioitioM  :  if  n 
diKolinrgv  l)c  piuiitcd  througli  a  cunl  hy  puting  upon  it«  two 
HiiliM  iKtintoO  iiioccK  of  tiafoU  with  thtsJr  poiut«  not  quitt* 
oppoKitc  thOTO  will  bo  R  burr  produced  on  lx>tb  Mi]e«,  indicating 
ttiat  tho  force  is  not  a  pcnctnting  but  a  pullinc  one,  acting  by 
iittraction  from  eacb  polo ;  but  tbo  holo  will  Im  much  DOomr 
tho  —  or  nogativo  polo. 

But  tlio  principal  oridouoo  of  this  diffvronco  i*  foimd  in  tho 
npponranoo  of  tho  diaohargo  ittolf ;  lliaN  Uiu  ponttivo  pole  toiidi* 
to  produce  a  bnish  duiehargo,  opparcntly  sprwiding.  whilo  the 
nusatiTO  t«ndti  to  a  bright  coiiccntrato;l  ctar  form.  Tlio  offoot 
in  attowD  in  Fig.  33. 

Fie.  2i. 
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Th(5  appoannoa  is  nDdifiod  by  aircumatatioea,  Miob  m  •»»  1 
tho  torminols,  and  tboir  form  us  balls  or  pointy  md  the 
conscqnont  rclativo  drniritics,  nwd  lines  of  forci-,  lint  »till  tho 
flinvtion  of  the  iRilurity  nltt.-ni  tb«  oflfoota.  A  brunh  will  ha  pro* 
(liiccit  at  thorouiiilcdcmdof  awireinbothoBaes,hut  thuncgativo 
liriiitli  is  loiw  dvfinod  than  tha  poailiTO.  So  with  the  star ;  if  u 
pointed  wiro  bo  approacbod  to  a  largo  ball,  a  star  furmei  ou  tlio 
point  in  both  cases,  bocauso  it  concentrates  the  inolooular  action ; 
hut  if  thy!  kill  be  +,  tho  star  continiiua  till  the  point  is  c3oK  to 
it,  only  K-«oining  brigbtor;  but  if  tlio  ball  be  — ,  aa  the  point 
iLpproiich<-N,  the  ttAf  turns  ta  a  brunh. 

II}.  Ono  fi/iitura  uf  (.Occtrie  diboharge  is  important  to  notice, 
hccitiiso  it  i*  toiinocttid  with  tho  theory  of  cleotricity;  it  is 
always  attended  with  inochatiioal  luotioii  or  molecular  disturb* 
anc«.  Thus  a»  a  general  ntte,  when  diaoharge  is  occurring 
there  is  a  stream  of  air  from  tbo  dtiiohargitig  pomts.  Hiis  is 
stiown  in  many  elootrionl  toyH,  stiuh  an  the  wliirl.  In  uthor 
nwww  njolecular  cohoaiou  is  dentroyed,  aa  in  the  pierced  card  and 
f//e  /inrApo  glasa  of  an  orcr-chargvd  L<.'yi\:n  'jm.    'Cb^aa  effuots 
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ar«  ^milar  to  Ukxw  of  ligtitning ;  thiui,  if  a  pt«co  of  wood  tutve    | 
twn  wjn«  ioacrted  in  it  m>  ttiat  tbo  |)(iint«  «pprottcli,  bat  are    1 
Mpamtol  by  a  etrntum  of  wood,  ft  Htrong  cluirge  pattsed  will 
tuttvr  tbo  wood  to  piooM. 

1 14.  FnrUKr  rtnay  of  tlio  electric  xpark  will  also  show  as 
that  a  tQoIe«alar  docompoaitioD  of   tho   disohargiug   eurfaoe 
occaia.     If  two  pi«cc«  of  niM  loaf  be  pUoed  on  paper  with  Iho 
coda  slishtly  mnani(«d  and  prevvod  between  two  non-couduct- 
mg  somcoa.  too  mota)   ia  d«taohcd  and  aprood  in   inintito 
particloa  over  tlu>  int«r%'nl.    So  id  tlio  oloctrio  light  a  stnam  of     ■ 
iDolocalM  of  carbon  ii  detached  fnim  one  poto  an^  oaniad  to  tho    I 
otbar.  the  interval  being  filled   witb  carbon  in  tho  Hiato  of 
vapour  or  gaa  or  abaolnlo  niolecuUr  diTiHion — which  is,  bjr-tli»- 
b^,  tko  ooljr  caao  in  which  pure  carboa  gaa  is  known  to  bo    J 
Ddnood.  I 

llj.  I'he  ntomr  0/  th*  rpuri  is  modiltL'd   by  tho  natnio  of    I 
_  D  sarfaco  giving  it,  Mch  metal  inijiurtin^  itit  own  (lolotir ;  awl     I 
if  the  spark  w  examined  by  tho  spoctruM^opo  we  tind  Uiaf  it  is    I 
not  electricitv  ]i«sstng  in  a  viiuble  form,  ne  in  miggi'otvil  by     ^ 
balierers  in  ute  uxiatonce  of  rtectrioity  as  a  fluid.    The  oiHxrtrum 
oocsiata  of  bright  bands  varying  in  their  character  at  diflfcrorit 
patU  of  the  space  acroes  which  the  spark  passes ;  close  to  the 
aloctrodcs  these  bands  are  thoao  belonging  to  tho  metal  of  the     , 
oondoctor;  these weakcnand^BappoarBatbodistnnceinoreaaea,    ■ 
and  are  replaced  br  thcao  of  air  or  other  gas  in  which  tho    ~ 
dtaoharge  occurs,  mingled  with  others  duo  to  tho  particles  of 
matter  Boatin;;  in  tho  air:  tho  spark  oonntts  therefore  of  the 
matter  which  it  travenca  and  rvnAers  incandosoont. 

116.  The  IraotA  e/mrJr  doponds  on  the  ditlbronce  of  potential 
betweeo  the  discharging  balls :  bat  not  according  to  n  dclinilo 
ascertained  law,  as  in  tho  case  of  cnrrents ;  that  is,  tho  distance 
ia  not  in  the  ratio  of  the  potential.  Tho  fullest  information  we 
hare  on  this  snbjeet.  is  derirod  from  careful  cxperinionta  by 
Hr.  'Warren  de  la  Ituo  with  a  battery  of  14,400  ohloriilo  of 
silver  c«Il8. 

With  1 1,000  cellsor  a  potential  of  volts  ii.jjo  a  spark  of  o'63 
inch  waa  obtained  botwe«n  points,  and  below  thnc  force  it  woh 
funnd  that  length  of  spark  varied  as  tho  e<iuaro  of  tlie  potential 
(■  which  is  oa  the  foroe,  f  89).  For  sparks  ovor  )  an  inch  li>iig,  tho 
potential  is  aboat  30,000  volts  per  inch.  Bnt  with  diMW  and 
olher  forma  of  electredo  this  inlatioD  does  not  hold.  Upon 
these  data  it  wonid  require  a  potential  of  volts  3,604,000  to 
produce  a  lightning  Sash  of  ■  mile  in  length. 

117.  I}imiiii$htd  jtreunff  0/  air  lenfftLeua  tto  r[ATV  ^Ti  ftitt 
Uitvrritntiioofprrmtim:  bat  Sit  W.  Thomsou  uqAUt.  tiot^ou 
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lis  holds  ouly  down  to  a  pesaure  of  1 1  incltw  of  morcur^-. 
is  to  say  that  "  greatiT  E  M  F  per  unit  kngtli  of  air  in 
required  to  produce  a  apark  at  short  distanot'ii  than  nt  loiiz." 
or  according  lo  Mr,  Gordon,  "at  low  preesurcs  than  at  hign," 
Utith  oba>>rvt-rs  say  that"  it  is  difRcnlt  even  to  conjotlnro  »n 
oxplanation."  Ilowevur  I  will  venture  s  sucgcBtinu.  I'robably 
tho  particIoB  ofair  are  atl  ratted  to  the  two  balls  and  hvM  thoro 
in  denser  strata;  oerlaiuly  iho  lines  of  force  «inc(;ntrnfo  upoii 
tho  balls :  the  i^it-ater  the  distauco  apart  tho  luiw  uftV-ct  thiM 
OCHtoeutratiou  must  have  ou  the  tcital  n-HiKtance,  and  thercforo 
this  may  be  expected  to  ibnu  a  curve  deptmdcnt  ujiun  tlie  ratio 
the  denser  poitiou  of  the  field  bears  to  tho  total  length  of  tho 
jiold  of  force  and  line  of  di»charf;e. 

At  a  pressure  of  about  15  inches  the  Kpnrk  dixchai^  teudn 
tj)  pa»B  into  a  bru^h  which  hUs  the  tubo :  and  ns  tho  prcHuro 
diminiehea  the  phenomena  to  be  observed  in  "vnwinm"  tnlios 
are  developed,  while  the  colour  of  the  light  and  usjieciully  tho 
Kpdctrum  it  (generates,  aio  those  of  tho  gas  contained  iu  tho 
tiilio. 

ttS.  Light  affects  dineharge. — A  paper  by  VTirdmann  «nd 
El)ert  (see  EUelTkian.  xx.  J34)  shows  that  light  modifica  the 
nature  of  discharge,  but  pnncipally  at  tho  —  pole.  Ktmggling 
eparks  are  brought  into  single  line,  without  iioii!c,  and  a  tele- 
phone attached  to  the  pole  gives  out  a  dilTereDt  noti'.  Tho 
vioK^t  and  ultra-violol  lays  appear  to  be  tho  toost  iiclivo, 

119.  DuBAnoN  or  SpABH.^-in  1834  WhcatKtotio  attempted  to 
lueaeuro  the  time  occupied  by  nn  electric  disubaTgOi  ^nil  also 
what  ho  supposed  was  ihe  velocity  of  electricity.  Iho  principle 
is  simceptible  of  many  useful  applications.  An  ohjc^ct  reflected 
in  a  mirror  is  seen  in  its  true  ])ro|)ortions,  i.  c.  a  point  of  light 
will  bo  seen  as  a  ]ii:<int  thus  .  If  tho  mirror  is  so  mounted 
that  it  can  be  rotated  rapidly  on  an  axis,  this  point  will  be  eeen 

in  the  mirror  as  a  lino  thus .     Itut  if  tho  point  of  light  has 

an  existence  go  momentary  as  to  answer  the  ma'hematical 
definition  of  a  point,    no  velocity   of  motion  will  cliauge  its 

reflcctiou  from     .     to -,  and  any  such  prolongation  will  be 

proportionate  to  tho  actual  duration  of  the  light  itself;  therefore 
such  duration  will  be  calculable  from  the  angular  inotioD  of  the 
mirror  while  the  is  visible.  By  this  means  it  was  ascer- 
tained that  the  duration  of  tho  discharge  of  a  cortain  iieydeo 
jar  was  i-j^.oooth  of  a  second. 

no.  Velocity  or  ELEcrniciTy. — The  sanio  ap)iaratuti  waa 
npjilicd  to  measnro  tho  rato  at  which  electricity  traversed  a 
conductor;  a  series  of  balls  were  arranged  upon  a  dific  in  tho 
aanm  plane  as  the  axis  of  the  mirror,  so  as  to  form  three  apvott 
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of  i-totU  iDcb  ftcroHs  wlik-ti  H|iarkH  wrjald  pnn  (*  *  *)  after 
tnveraiu;;  leugtks  ut  wiro,  Uiv  i<|Arka  i  uuil  )  rcprtMeatiiiK  th« 
nadaof  thedronit  uiil  the  aiwrk  2  iU  middlo.  'I'liu  HjnirkH  as 
dnwu  out  would  abow  th«  tiiii«  occupio-i  iu  tniutmiwii^D,  iLtid 
it  was  cuiLcluilvd  that  the  Totodty  waa  288,000  miloti  per  b<'C»ii(1. 
Thla  iletluL-liuit  sns  ^noaeona,  and  it  U  known  now  that  if  tlio 
velocity  wure  mfiuurcd  in  this  manner  tii  a  tnilo  of  wiro 
»in-'tc-hcd  iu  ouu  length  und  hook  again,  and  then  tu  thenmo 
wire  wound  in  uuu  kuj^lh  upon  a  reel,  vety  diffiurent  values 
would  ho  fuuJid,  and  different  values,  if  the  reel  were  of  large 
and  mnall  diftDUiters,  owiu)^  to  the  difleteiit  conditions  of 
indu<;Uuioi>. 

From  tlie  rnrioiM  lelationR  of  electrioiQ*  and  light  it  ia 
bowuTor  nearly  OLTtain  that  the  true  velocity  iude[)eudcut  of 
indactivo  rctiirdiition  (§  109)  ie  the  same  as  that  of  light,  vis. 
bhuut  1 85,000  niilea  |>er  eeootvd. 

121.  DuiL  Xaturb  of  ELBCTRicrTY. — If  the  electrio  ourtent 
were  aimaltancoualy  develoiwd  iu  the  whole  circuit,  the  ate 
poormnoo  of  the  three  aparka  iu  the  rotating  mirror,  §  10^, 
wouU  be  ftither  :  or  -~  according  to  tho  peiiod  of  their 
•xietenre.  If  vlcctHo  tiansmiasioD  rcsemblod  a  currout  of 
water,  and  starting  from  one  cud  of  the  conduolor  iloired  to  tho 
othor,  pa«ing  racconircly  at  ea<A  opening,  tlie  appearance 
wcold  bo  ~^~_.  But  thm  in  not  ao;  the  ain-eartuoe  i"  — ^- 
'I'his  wlmits  of  only  «D<,t  explanation :  lite  ct-clrie  currcnJ  m 
ymtrttUd  t^anUjat  raeh  nd  0/  the  eondurlorand  Jl'itta  btlhemiiWt. 
The  working  of  lung  telegraph  cahlea  shows  that  niomeutary 
deotric  impolses  aro  of  the  nature  of  a  wave  of  intlueiii.>o,  aucn 
as  may  be  produced  by  a  Hhake  on  a  rope;  the  wuve  travehi 
anwmtda  by  virtue  of  the  energy  impart^ :  in  cables  such 
BSooeaeive  impulMM  can  be  no  sent  os  to  follow  each  olher,  oven 
thoagh  of  reverse  direction,  each  travelling  independeutlv 
•long  tlie  cable  and  appearing  eucceeetvoly  at  the  distant  end, 
naemblisg  the  actioi>  of  dicleotrics,  §  108. 

Ftg.  12,  p.  3  J,  will  explain  the  natnro  of  the  electric  impulse. 
We  may  consider  the  middle  line  of  tho  molcculo  a  as  Deing 
ibe  taeu3  or  point  of  origin  of  the  electromotivo^foroo ;  it  would 
be  the  sarfaou  of  oontoot  of  a  friction  apparatna  or  the  face  of 
the  one  pUto  of  a  galvanic  battery,  the  point  at  which  energy 
is  transfonnod  into  cltctric  force.  1'bo  notarised  molecules  at 
oaos  exert  their  inductive  power  in  oocl  d'rf<ctiim,  each  sotiug 
through  all  (ho  liiwa  0)M:n  to  it  and  nG<ocia«rily  passing  into 
thoe«  of  li-axt  n-riMtanor,  where  tho  oonctitjons  of  neutralisation 
an  noat  readily  avi  up, 

l»,   PcUMi  AcTiOis.~AU   the  known  facts   (A   dWVnwV'j 
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show  tlint  it  is  a  dual  Action,  All  the  tbcoiiM — tho  two-fluiJ, 
tho  Hitiglo  fluid  +  and  — ,  or  the  molectilar  theory,  whidi 
coDsidTirs  tJio  two  eloctiicities,  or  electrifioatiouH.  m  merely 
tho  two  side*  or  onde  of  polorieed  matter — agrw  iti  thi«.  But 
the  mathematical  treatmont  is  based  upon  nsgle  and  indu- 
]tuodk;iit  actions ;  tluA  is  the  meaning  of  that  theorj  of  tho 
citrth's  actioD,  cither  in  the  geoeration  of  electricity,  in  induc- 
tion, or  as  lotnrD  conductor,  which  T^^ards  tho  oarth  on  a 
ri'iiHrvuir  and  gisk,  from  wbioh  we  cau  draw  or  into  which  wo 

can  discharge  cither  +  or  -  clcc- 
trid^  BOparately.  and  roido  ex- 
perimenters have  sought  to  proro 
tho  oxiateneo  of  unipplar  aeliotu 
liuch  as  accord  with  thia  treat* 
mcut,  S  t3j*.  In  Fig.  3}  wvhavo 
the  picture  of  snch  eitppo«od  ac- 
tions. I'ho  independent  poto  +, 
acting  ftB  a  radiant  point,  induea 
polar  order  in  all  surrounding 
matter.  In  such  an  action  it  is 
clear  that  oocli  ci'do  will  be  (lu 
tqiiipolfttlial  line,  mth  no  tcndt-ncy 
lo  side  Actious,  because  thi'  forcw 
is  radial  only,  and  crcry  particle 
of  Diatt<.'r  takoa  up  what  force  its  position  presents  to  it. 
Bvorr  such  cirelo  will  have  equal  foroo  acting  from  it,  ftlso 
mdially,  and.  therefore,  tho  force  at  eadi  point  of  eauh  circle 
will  l>o  invi>riiclv  as  the  square  of  its  distniico  from  tho  centre. 
Thnt  is  t^>  say.  the  tcoaion  ou  each  molociilo  in  tho  lines  of  tll6 
field  of  forco  thus  generated  will  diminish  as  tho  squaro  of  its 
distance. 

II].  Now,  we  have  a  perfect  physical  nualoguo  of  this.  Let 
a  level  piano  surface  receive  a  supply  of  water  at  its  centre, 
And  it  will  flew  outwards  in  all  directions  in  this  exact  nmnncr. 
htid  its  distribution  upon  and  velocity  of  flow  will  bo  identical 
with  tho  conditions  of  Fig.  2  j,  in  which  I  have  endoavourtx)  to 
represent  tho  facts  by  the  diminished  size  and  incrcwing 
number  of  molecules  as  the  distance  increases. 

If  wo  now  conceive  of  some  condition  which  puts  this  surface 
out  of  level,  tho  flow  of  water  will  bo  altered  into  an  elliptic 
Mj'Hiem.naiTowing  tho  more  as  the  inclination  inoroasos.  If  wo 
conceive  the  piano  a«  perfectly  balanced  on  its  centre,  any 
UKUtw  which  indncos  tho  water  to  tend,  however  slightly,  in  one 
direction,  ivill  cnnso  tho  plane  to  cant  over,  and  direct  the  How 
mojv  and  taoTv  in  this  diroctioo. 
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JuM  HQch  mh  inSo«noe  we  have  in  dftctrtcity.  Tit  ateond 
nJiai  tfftltat  —  u  aUeaift  tenewlur* ;  it  mnj  be  connivod  as  n 
aeooEul  tiyHtoni  Biraildr  to  Fig,  3],  bat  witA  tbu  IJnw  of  fvrco 
lund  tbd  moleoular  onlcr  revcreed. 

134.  Tkervfore  tb*^  circlre  of  tlteso  two  fields  miist  iiUitnatcly 
BUMt,  ui«t  ibon  th«  lince  of  fierce  will  attnot  c«ch  other  witlt  ftti 
offoot  Miiiiilar  to  tltut  of  tiltiug  iho  walor  piano,  that  is,  tlwy 
GODTcrt  the  tn'o  BiippDecd  iDdcp«n(lent  mdiitl  points  into  toe 
foci  of  KM  ellijiso,  and  tbo  ndinl  linc«  into  tho  cuiaciI  liiic«  of  a 
doMd  livid  of  foroe.    1  eode«Tonr  loehow  tbis  ogtiou  in  Fig.  24. 

Fm.  si. 


bnt  n  iliagrnm  caunot  convey  the  knewn  fact  that  tbe  clrotric 
forc^^  exerts  itwlf  itt  the  direction  of  mo*l  tapaeiiif  (better  known 
iiy  tbc  niialuailing  tona,  tmtto/  letut  rvutauee),  and  thiH,  im  well 
H  the  Uw  of  inrctw  Maaree,  will,  the rofure,  conooDtrate  the 
Klioa  iiilo  Ibe  «[mu!u  inclosed  by  tbo  arrows.  If,  tbcrcforo,  there 
be  ft  (cood  ooiidiietor  in  the  line,  tlutt  becomes  tho  sbortent  pntb, 
and  LS  repiwK-ntod  by  tl»8  thick  line  bctwoon  +  and  — .  Along 
this  line  the  constant  cliarge  and  discharge,  or  molecular  intvr- 
Bctioo,  which  wo  call  cumnf,  ia  propaf^t4)d.  But  thti  cxtt^nial 
induction  is  uia)ntuiii:d  as  a  condition  of  static  etross  or  tcnMon, 
and  coitktitntc*  the  inductive  oircuit  around  tho  oonductor, 
t^kiu^  a  sUtic  charge  eoriespondlDg  to  the  forces  exorte«l  at 
mob  {loint,  and  the  c«r>aoity  of  the  inedinm. 

135.  Wo  mity  coDsidcr  this  process  aa  a  kind  of  search  for  the 
point  of  nnion,  and  oa  preoediug  the  octnul  BenentioD  of  what 
tui  1m  truly  enlled  vK-etricity.  When  we  remnDber  that  the 
{bdaotivernipngationbaaa  velocity  of  iSj^oo  miles  per  wooDd, 
f  1 30,  it  is  eMtly  undentood  that  even  though  tho  drcait  boa  to 
be  developed  (u  in  oablca)  over  a  path  of  soToral  thousand 
miles,  Iho  forawtionef  tbo  Mginnin^of  citrront,!  io^u\n«^u- 
Uae€af,  e»tjMca'MJJj-  as  the  iadttcttvc  circuit  resiUy  rt&rts  itoia  X-wo 


fttljolbiiiff  sorTacM  wid  cam  «iireail,  not  ia  Tnll  drdn,  a»  in 
Pig.  1],  tint  in  gndtulljr  odruuciDg  arcs  Eimilftr  to  Uw  doUvJ 
lioM  nf  >'ig.  to,  p.  27,  m)>ii)ljr  mnning  ftlong  Um>  c«l<Ie,  of 
tvhidi  wo  can  ooDKidvr  tbo  molcculee  a  w  roprcscntiog  the 
coDdactor  and  thon  of  b  sa  the  abeatb. 

125'.  I'nii'Oi.ar  DiACtiAiHii.  Some  «lcctriciuu bold  tbat  oitch 
electricity  acrhi  indci^cmlcntofthft  other, and  that diaobu-gv  may 
oocur  frum  kd  i«olitlcd  |iolp.  Ono  IusUum  of  appAn^t  onJiioliu' 
action  U  containod  iu  a  pvp*!'  t'y  Mcnra.  Sp»tttiiwoud<)  aiid 
Moiilhm  (Pliil.  TntuM.,  iS-]<),  y.  t6>).  Thvyoonn«ct«(l  v««  end  of 
two  vuouuni  tul>c«  (cotiKtitatin^  derived  circuita)  tu  tliti  —  pole 
of  tilt!  00)1,  and  thu  otbcr  enHv  to  a  ball  lisol  at  tome  diatanoe 
from  tlie  -{-  i^uto.  ho  tbnt  the  current  wa*  Bum  interrupted  aitd 
Bbort«rin  duruliun  (ii«  (lti«  to  a  Njurk)  t)iiui  if  coming  dii««t  from 
tlt«  wire  in  a  uluovd  ciiciiit.  Tiiv  tipiu-k  mteeted  one  tube  ratber 
than  |}iv  utbor  f><r  ibi  jiroficr  putb,  and  in  tbe  otli«r  lube  it  only 
proiiuced  a  glow  «xt<;u-Jirig  lialf-way  along  it  in  a  reducing cono. 
ur  thin  lube  tJivy  said  that  the  discharge  iu  it  is,  in  fact,  one 
wliiuh  ItranM  tlio  -{•  polo  and  entera  the  tube,  bat  not  with 
tiiflicicnt  force  Ui  powa  throuj^h  it,  and  to  returns  (.n  itself. 
But  there  ia  a  aiitiplo  ttzplanatiou  accunlant  with  the  UQiven>ul 
faotj  of  electricity.  The  tubca  are  not  quitu  eiiual  iu  resi«tauce, 
orsonioaooideiital  circiimiitiiuct!  in  or  nruurnl  theui  trans fu mis 
tli«]itirlial  discliargo  thiuiiKh  one  tube  intoa circuit  tbroagh  and 
nloii);  tJie  glass  of  tlio  tuTio  itaelf.  Th«  authors  proved  this 
^vitliunt  deciii);  it,  fur  ibey  made  a  lubo  with  an  inlenucdiury 
electnjde  coiinocttd  to  one  of  tbo  end  terminals  and  to  the  + 
polo,  tho  oUiL-r  end  going  to  —  jwlo.  The  circuit  might  bo 
oxitectoil,  in  this  caao,  to  confine  itnelf  to  the  latter  half  of  the 
tulip,  but  actually  two  oones  formed  in  the  other  half,  ropro- 
sentiiig  opiKHted  uni^lftr  disohart^es.  These  ar0  evidontlv  a 
iliitiblu  derivt^d  circuit  closed  on  the  glass  of  the  tube.  'Ihio, 
iilso,  the  authors  proved  without  seeing  it.  Kettu-Ding  lo  tlie 
two-tube  ex[)cnnicnt,  they  attached  au  extoiunl  conductor  to 
the  4-  pole,  and  aj'pruauhing  it  to  the  exterior  of  tho  tube,  juht 
beyond  the  supposed  unipoUr  oooe  discha>|^c.  ihoy  drove  it  hack 
And  Htopi>ed  it.  Obviously,  they  added  an  external  eotmtor 
force  wliioh,  preventing  completion  of  tho  circuit,  prevented 
niHO  the  diatjiarge,  'Iho  coso  is  pr«cisdy  like  getting  a  shock 
frnmone  tonninal  of  a  coil,  tho  circuit  comgOeting  itself  through 
thti  lutrCially  conducting  suppdrts.  It  may  bo  taken  bk  certain 
that  tlie  twopoleaani  iiidiiutiilnhly  united  and  that  mrii  talategtuil 
part  in  emry  act  t-f  dUchanji ,  imd  osnnot  generate  electrical  dis- 
vhutga  until  it  baa  found  a  circuit  uniting  it  to  tho  other. 
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126.  Tho  (mrpoto  of  tliU  clupterU  not  totrcntof  mitgnctism 
and  itif  pb^n'uniiiiii  on  llicir  nwn  nowititit,  bat  aaly  to  ileal  witb 
them  Ei>  fnr  ox  Uiuy  arj  coniicCtMl  wiUi  or  tbrow  a  light  apon 
electxicity.  >'tirtA«r  infoTiiiAlioii  will  bo  found  also  in  tho 
chaptor  on  Kloctro-magnctUni. 

Tho  powor  of  tho  tiMulHtono,  R  Uktunl  iiUigiMttic  oxide  of  iron, 
i'OiOy  U>  attract  iron  wm  dtMouvorod  in  cnrly  timva,  as  slso 
that  It  c»iiH  imfiart  this  [iropcrty  to  Kt«ol.  Tho  first  slrikine 
proporty  is  «  (hreotivo  powor  l>y  which  m  l»r  of  mognotiiMd 
•tou  pUoos  itMulf  in  ono  ponitioo,  ]winting  north  aod  sonth  ;  tho 
n«xt  IS  that  whuii  two  snch  bant  appninch  uach  otlior,  two  of 
tl)«  ends  itttntct  itnd  two  ropol  eavh  »lh«r. 

Ii7.  It  is  then  found  that  tho  urUto  foroo  i»  con  centra  tod 
mainly  at  thi>  two  lauls  of  tho  bar,  towards  wliioli  the  holding 
powor  00  iruii  is  greatrat ;  thuN,  if  a  bar  magnet  bo  rolled  in  a 
maa*  of  iron  filitigK,  thorn  will  lulhom  tii  it  in  the  niannur  ahown 
in  the  middlu  pirtion  of  Fig.  i$.  Th<i  intonaity  at  different 
parts  of  thn  bar  :niiy  bo  nicnsttn.-<l  by  tho  attraction  of  a  nnsU 

tieooof  iron,  urby  tho  nction  on  a  very  Hnmlt  niugiic-tiiEod  nec<llo. 
t  ia  found  the  uolv  cir  puint  uf  gniitost  f.>n<«^  la  not  sitnittc^I  at 
tha  extremity  01  the  hur,  bntata  tltstaiiue  within,  rurying  with 
the  leiiKth  and  form  of  the  inaguet,  and  aliio  with  iU  surround- 
inga.     The  dintribution  of  magnetic  force  may  be  n-{<n-!i'.'ntcd 
hr  eurvc«  nimiLar  to  thosii  showing  atatie  cloetric  disfril^iitiun. 
Benoe  a  relation  or  reacmblanoe  botwom  eleotrioity  and  mag- 
iwtiain  was  soon  iicroetred,  and  thia  led  t«i  ihu  hy{)oLhuBia  of  two 
ua^fltic  fluids,  the  Auntml  and    liurwil,  now  entirvly  ahan- 
dmed,  althoofth   their  brL-thrttii,   the  eloutrio  fluids,  are  still 
chensbed  by   many   philosophtm.     The  reoemblanoo  is  now 
hading  to  tbo  adoptiun  of  a  ximilar  uatheoiatical  theory  for 
tW  two  furoee,  and  U>  the  oroatiou  uf  a  parallel  set  of  unita  of 
^    naasaremcnt. 

I  lift.  A  remarkable  f<«tnre  in  magnetio  force  ia  that  it 
I  (fpareoUy  acta  at  a  diatance  without  relation  to  interveniug 
I  Hntauoet),  providing  them  arc  not  themselves  magnetic.  But 
I  0 
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Ude  IB  only  npparent.  There  is  a  apeafie  magnelU  capantf  in  alt 
KukstaDOCN,  juBt  08  !u  AlK^trioH;*,  3  1 1  o.  Iroii  jiomemwm  it  io  llifl 
hif^eet  d«gToe>  t]ioa  nickel  and  o^balt,  while  othvr  imbatanow 
pomoM  n  very  small  capacity  to  retain  a  magneUo  ohargo, 
though  all  traiuimit  tuaguetic  liuos  of  foroe,  unlvw  it  is  tim 
ether  which  fnlCls  tliia  function.  Hence  a  uiagnut  acts  aa 
powerfully  tlinmgh  glass  as  throU|;;h  air.  If  wu  placo  a  Bheet 
of  glnns  over  a  liar  magnet,  and  sift  iron  filiugM  uwi*  it,  tliciw 
arrsngo  tllelI"l^"ivea  in  obedionoo  to  the  force,  if  wo  lightly  tap 
tho  glass  to  aid  them  lu  moving.    Fig.  25  ahows  the  resnlt. 

¥10.  ti. 


the  filingK  arrnnging  themselves  in  closed  curves  which  exhibit 
the  lines  of  force  surronndiiig  the  magnet,  and  on  which,  or, 
rattier,  on  iho  tangent  to  which,  at  any  part,  a  snapeuded 
magnetic  ncodla  will  placo  iteelf.  This  figoni  represents  there- 
fore a  section  of  a  magnetic  field ;  the  Sold  itself  of  oourso 
extending  round  tho  magnet  in  all  directions. 

The  curves  vary  according  to  tho  position  of  the  seToral  poles 
in  a  field  :  they  aro  formed  upon  the  same  prindples  oa  those 
of  il'igs.  17,  24.  and  render  visible  in  magnetism  the  lines  and 
fields  of  force  which  can  only  bo  perceived  by  the  imaginatioa  is 
electricity, 

1 19.  To  understand  the  magnetic  condition,  we  must  examine 
the  magnet  itself.  Thus  far  wo  see  in  it  a  repetition  mviely  of 
the  electrified  cylinders  in  Fig,  20  with  the  +  and  —  dh»rgm 
apparootly  collected  npon  their  scparato  ends.  If,  howflvw.oiie 
of  those  cylinders  is  divided  across  tho  middle,  we  obtain  tho 
two  parts  in  tho  opposite  stati.'s,  one  wholly  +  the  othor 
wholly  — ,  uod  tbcve  is  thus  some  ground  for  tho  idea  that  wo 
have  really  separated  two  fluids ;  but  this  is  not  the  case  if  we 
break  a  magnet  across,  for  we  find  that  two  |>erfoct  m^nela 
arc  produci^,  two  fresh  and  opixwito  pot<?«  being  geoented  (Mt 
of  tuc  previously  inert  middle,  while  tho  forces  these  posMH 
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mn  ukon  from  tbo  original  t«riiuaiil  polva,  tho  attraotive 
puwen  of  wliifih  mn  rodaced.  We  may  rcpoat  tbis  prooau  to 
an  naliaiitcit  «st'>iit,  till  wo  oOQTinoo  uuntofvM  that  tbe  porfe«t 
nagDolio  pow«r  ni«i<io*  in  oTcry  iniuuiu  particlo  ;  in  fact,  that 
magnetiau  i»  a  foroo  bulotigini;  toaad  rmtiliog  iu  th«  tnoloouies 
_of  vrhii^  tim  iiiugn«t  ia  oumnoeed.  Thia  viow  of  the  oatnre  of 
magnet  ix  woll  oKprwwed   by  Pig.  j6.    Tliin  prewata  the 

Kin.  SG. 


It  aa  GOQsiatin^  ff  a  collootion  of  polariwd   raolMiiIi-a 


'   ■orios  eihibit«J  at  iti 

poUrizatiou  or  foreo 

.  jj,  whorothobar  NS 

j'~.     This  concoptioii  in 

t:Hni  it«elfi  but  when 

it  coDoectiuu  of  nug- 


Rjmmetricallr  hrxai 
_two  cudu,  and  ooiii|' 

)n>U);h  the  Mwrrouiiiling  «)hi(-o  n.--  1 1 1 
jiri^nciilalhc  diiM)X!to<l  luiignut  i<t'   ^ 
iutlv  oorn-sH  lu  to  tho  facta  of    < 
cumo  to  tho  theory  and  to  tht  <_  ^ 

nod  electricity,  it  U  apt  to  gcnorato  confosioD  of  idoaa, 
ring  to  th«  apparent    riwoiublatioo  botwocn   th«  polarizud 
Iconic*  in  both  cases. 

I  JO.  Ti>  avoid  this  coDfuaion,  and  more  ioteUigently  to 
lino  the  facta  and  tho  true  relation  of  the  twu  foroea  to 
othvr,  and  to  tbo  mnleculoe  of  matt«r,  it  ia  deoiiublo  to 
Hofioo  thua«  rolationa  in  nccordnnoo  wil}i  tho  vii<w8  arrirud  at 
aa  to  th«  TclatioDS  of  olcotricity  to  matter.  KicMrlricity  and 
maeDotiam  thon  arc  tho  aamo  Anvo,  and  aro  twu  actions  of 
pouriivd  idoUwuIm,  ina&ifc«t«d  nt  right  angles  to  each  other. 
and  both  dovoloped  tojijiTthor.  F-lt-i-tricity  is  tho  actiou  wbioh 
oootin  la  llu  fin>*  of  potaiitalion.  ihmttism  is  the  action  which 
_O0Cuni  at  riyht  attglc*  to  ikr  line  ef  j^aritatwn,  and  in  all  >liru.'- 
'ddm  nt  right  an^bwt  to  lliat  litiiv  Itut  Uicro  arocouio  imporlant 
Etiu<!ti<)iin  to  b«  notit^'d.  Klcdricity  ix  c««ontially  a  d)-naDiio 
ita  nature  wMitiittii  in  produoing  motion  in,  and  traiiB- 
itUuu  energy  alotig,  the  puliirixcd  ihnina ;  ita  static  actions 
iy  iocimnta  ol  thia  prooeu,  d«]iond«nt  on  tbo  roaistouoe 
1  to  tho  completed  motion.  Uagnetiam  in  on  the  other 
Lpiiroly  static;  it  conaitila  in  tho  ^Luring  nji  in  tbo  ])uIurixod 
bulM  of  energy  dorivnl  from  dynamic  electricity. 
Tig.  27  represents  a  typical  mok-cutc,  and  this  Ggnro 
liorouifbly  tuutvied  and  fixed  in  tli«  memory  -wVW  &\i»-«r«T 
tery  poaJblo  qoMtioa  us  to   the  relations   ot   iwav^ttftta  mA 


84 


ukasstisM. 


(mrtenta,  th«  sction  «f  kclicca,  galvnnometerB,  wils,  Ac.  A 
magnei  will  always  place  itself  st  right  imgles  to  Bach  a  roolo- 
Ctilo  (formiug  of'couree  port  of  »  poli«rir,cil   chain),  with  il» 

north  Olid  to  the  left  hiiml, 
Fin.  27.  looking  fioca  tho  moli-oulo 

_  itielf,  ao  that  the  arrow  or 

inaguct  N  8  is  8nppo«K,il  to 
be  (>u  tho  farther  eiilo  of 
tJw!  mdecule.  Thoro  is, 
however,  no  Imo  dirooltvo 
force  in  this  action,  no 
north  and  eowth  riJet  to 
the  laoleoulo  it^olf,  <ih 
there  are  -j-  ami  —  rtuU, 
but  thodirtctivotendoiioy 
ia  the  samo  nt  right  an gloa 
to  any  radiut  of  tho  mole- 
cule at  right  angloii  to  ita 
Un«of  polariKatiou.  Thus, 
if  tho  molociilo  or  current 
be  vortical,  n:nl  a  eua- 
priiili.'d  noodle  he  carried  round  it,  tlie  ueedle  will  rctAio  the 
Ramo  relative  direction  to  the  molecule,  but  will  mnko  au 
cutiro  rvvoltition  on  its  own  axiB,&sd  its  extremitioa  will  point 
in  turn  to  trrtry  direction,  providAd  tlie  directive  action  of  tho 
(^arth  in  iii;i)trolix«d,  tta  bv  a  fixed  reversed  ningnot,  for  it  tu  tho 
Booonil  inngnetic  field  which  gives  the  directive  force. 

lit.  Fig,   38  will  illustrate  this.    A  tbows  a  section  of  a 
ooDOuctvr  oanying  cunent,  or  of  the  moteculo  in  Fig,  J7  with 

Fifi.  21*. 
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lis  ladinl  linen,  nl  ri^ht  onglt-s  to  which  external  motets  will 
place  theniKi'lve*.  Brepresenla  a  filajnent  of  a  magn«t  such  mi 
is  (hown  in  Fig.  16,  which  oonrey*  a  correct  idea  of  tho  nmynttia 
pohiiilii;*  in  oucctiMire  sections,  white  0  exhibils  the  circular 
polaTUttliou  in  them  aecticois,  which  is  tho  probable  dectrioal 
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TiiiUHiits  or  MiAjmrsM. 

ouwo  of  tho  tn«gnet>c  Toroo :  tli«  ftrrows  aliaw  tlie  diruotioas  of 
kcarrwnt  which  vonhl  set  ap  ttiis  poUnixation,  anil  gonentte 
iiu>  N  ti  inftgn«tisin  shown, 

Bj  aid  of  these  fi^^roa  the  atnUent  may  Malice  th«  Itle* 
ntiully  f>in|iloyod  einco  Ampere  devieed  it  in'on]«r  U>  6x  on  tlt« 
stenioiry  too  rvUtiana  or  magoeta  aod  ourreDbt ;  f>r  im  ili« 
rMd«r  concetTo  himaelf  (ob«  tfi«  moIombFig.  37,  tha  ourreut  of 
whidi  ho  fbfTDS  pare,  entoriof!;  itt  bU  foot,  hie  heaid  Uienifuro 
boing  tho  +  oxtremity :  hta  right  tusd  will  Have  th«  mogiiotio 
Mtiotm  nf  A  N  polo  to  any  object  at  whii-h  ho  is  tiMking.  and 
ihiorvtoTv  aiiv  iDAgnct  in  front  of  him  n-ill  presont  ita  N  end  to 
hu  loft  hitotl,  tho  magnot  itmlf  stamling  fairly  ncroM  Mm  ia 
front  ia  whiUcvcr  dir«ctioo  ho  may  turn. 

Anothor  niodeof  pructicully  luiag  thoao  idoui  ia  to  plaoo  the 
right  hand  upon  a  wire  carrying  a  current,  then  if  iho  curront 
pawna  m  from  wrist  to  liuger-tipB,  tho  thtirab  will  piint  to  N 
pol«  ofa  magnet,  so  that  if  tho  direction  oithor  of  ciirront  or 
nagnatum  ia  known,  tho  diroction  of  tho  othor  b  »vidi:iit ;  if 
plaoHl  lUM/nr  tli«  wiro,  tho  indications  will  bo  equally  oomot 
Uungb  tho  dirvctiou  would  bo  roreriud,  tho  |<mIi»  buiiig  iti  idl 
DBMS  plaood  agaiiMt  tl>o  wire. 

i)>.  Ani'saa'a  Tiikost. — As  before  remarkod,  magnotinn was 
(hrmerly  ct|il>iin(<d  by  the  invention  of  two  fluids;  but  Iho 
tboory  generally  receirod  ia  that  of  Ampere.  Working  from 
the  tact  that  a  circular  el«ctrtcnl  oinont  constituted  a  magnet 
at  right  angles  to  its  piano,  and  that  oleclro-mngn^bt  aro 

!>ractic4lly  oompoaed  of  a  aorica  of  stich  circular  ciirn-:iti«  in  Ui« 
unu  (if  ItolicoB,  sod  abo  from  Iho  fact  tbnt  the  forcn  i"  p»hki;mm1 
by  tho  moleontes  of  magnota,  bo  taught  thfit  mikgnctii-  Hub- 
■tnnooi  an  oirapoMcd  of  molooulva  aroHoil  which  oloclrio 
Mrranta  nro  always  dowing;  thut  in  Ihc  anmnj^i^tixeil  cun- 
dittoa  tlwMtc  ravlcculcs  and  cnrr«nti«  lio  in  iilt  ibrrciions.  aud 
that  magnotiieing  nrrang'!H  llieni  in  pjiraltcl  uril«r.  Fig.  29 
exhibits  ibis  Uievry  ;  it  xhow*  tho  mn^ot  built  ii[>  iif  tUu  uiole- 
colo*  with  tltuir  ourronts  u4-ting  ac  doM  an  «xt«ntal  current 
ahowD  by  Ihe  arrows.  Tim  bar  §  ahowa  a  longitudioitl  s-iow  of 
tho  Mae  niagiKiti«;  HyHtom.  The  thoorr  explains  all  the  facts 
of  magltvtisro,  but  ther«  aro  fatal  obJectionH  to  it,  not  generally 
Boen,  In  thv  fint  plaoo,  it  is  baMul  on  tlio  iiloa  of  oTectrioity 
being  en  entity,  a  aoiaething  which  oui  cimulate  round  tbo 
iiH>l«oal«K  In  ■  real  stroum ;  hut  though  we  might  assume  it  to 
bo  pa«ih)o  that  xuch  cinTulating  ourrentA  might  be  confined  to 
tfa«  moteeuleM,  it  ia  impoaaible  to  conceive  how  th«y  biX  Xxt 
armngo  ihoaudrm  ayametricallx  alwaytt,  or  w\\y,  as  w 
auga^tiapd  inm,  they  denuigo   tbemsolvea    lUo  momou^  0: 
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Inducing  macnet  U  witldrawn.  Tlio  very  ntttiiro  of  oleclric 
ctirmits  would  require  a  eocreive  force  lo  prevent  the  magitolto 
oomJition  bein);  alwaya  exUtent,  vhereM  the  rovi^Tse  is  tlio  foct. 
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I J  J.  Thk  Molecdlar  Thkort. — Tlic  tlieorj"  of  electricity  act 
foTt^  ill  the  fore^ing  pAp?3  is  eqtiiLlly  aiht]>te(I  to  niaf|:iietia]ii, 
t&lc4«  uoaMMion  of  all  Aiupi:ru's  work,  and  ikilopta  all  the  facts 
and  nil  tlii>  lunthcTeaticnd  ptoblemB  and  ^roofa  baaed  upoo  them ; 
all  of  tla-Ku  »vo  unaffieotect  by  tho  snbatitntion  for  Uio  awnmetl 
ciroiilnting  Diolecnlar  onrreDto,  of  iho  conceptioD  of  the  polarised 
molccnle  exerting  influence  upon  all  tlio  neig;hbourJng  moleoules 
and  arraiigiii^  lliem  in  aysteuatic  polur  onlcr.  V'tg.  }0  tibowM 
ut  a  fflftnci;  both  tie  reaemblanoed  and  diffurcuoM  of  tlie  two 
theoneii.  N  shows  the  moleuules  retained  aa  a  puluriiieil  chain 
analogoua  to  the  conditions  of  stotio  cloctrioity,  and  it  idiowa 
how  an  electric  currrat  generates  this  stale  in  a  lior  around 
which  it  ciTcnlates.  The  coercive  force  of  the  ma^et  is  due  to 
the  resiatauce  f  f  ihe  laoleenlcs  rothe  change  of  outidition,  either 
to  faeinj;  m^tietisMid  or  deuiagnelisid  Jit  the  case  of  ateel,  the 
molccu lea  of  which  arc  ooiii|)uuinl,  wIuIl-  iiun  lias  little  power 
to  realist  eitlier.  What  {;ivea  the  naoleculed  of  iron  and  ateel 
iheao  pr«i>erliea  we  do  not  know.  But  certain  projifrtieB  are 
aiii'art.-iiily  oonnecicd  with  the  atomic  weights  of  tlie  elements, 
which  lave  been  classed  into  croniis  itcpciidcnt  on  numerical 
relMtionsof  these  weights.  A  ItusHinn  aarant,  M.  Mendeleji-IT, 
has  fouud  some  difference  of  pro]Hii-tic«  scoording  to  tvhether 
the  atomic  numhcrs  l«long  to  an  even  or  an  odd  HC-ries,  as  to 
which  infonuatioti  may  be  found  in  the  second  «ii[>iilenient  to 
Watts'  'Dictionary  of  Ohemiati^.'  It  anpean  that  uagnetio 
l>odi«a  all  beloDg  to  the  even  senes,  and  that  dianisKtietic  bodies 
ticlong  to  tho  odd  series,  and  that  as  to  ihew  Utter  the  dia- 
inufCDctiBm  iDcraaee  with  Die  atiimio  weiRht. 
ilotvover,  wo  do  know  tJiat  ibc  aot  of  magTx«l\ung  n\'(dl'(«s 
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',  whiiili  l)«con»w  poU-ntiftlanil  U  gtori'l 
_  I  imtn  up  "ft  fi>roo"  just  as  jwtontial 

ODOnn'  doM  In  many  otkor  omm,  m  ttrtiinol  springs,  r»i««) 
weights,  or  cfafimicnl  deooiupcxntioD. 

t  vf-  TboM  who  dMiiro  to  Blndj  iiingD«tt»u  UKnTtnghlj-,  will 
find  aome  uwfttl  sugeaartiotia  in  puiwn  W  Dr.  Sbottlv,  vo).  iti. 
]>!>.  lo  and  44  of  Uie  Sttxlrician.  iVm  objuot  ww  to  sbow  tliftt 
■Bftgnetiam  U  a  spltol  (one  tulh«r  Ihan  n  longiiadinal  ono,  but 
his  theoiT  inrolTflK,  lika  Atutiere'ii,  *  oontinunUy  niAinliiincd 
nureiit  of  «ien>>'.  The  auinJ  molixmlnr  arrangomeat,  Iwtb  m 
to  OM^^tisiu  and  electricity,  mftv  be  ftlmoMt  oooRMered  tu  Iw 
estabhflhed  by  tbooxpcrimentsof  ProfeMor  J).  E.  Htiglicd,  wlo 
has  prored  that  the  paaaage  of  a  cvrnnt  through  ait  imii  wire 
piroaaoea  id  it  a  penuanent  nolaoular  atruin,  which  is  uviiluntly 
of  tho  nature  of  a  twist  or  spire,  the  diieotioii  of  whicli  it«)Ma& 
on  that  of  the  ourreot:  thia  (wist  can  aotaally  be  romuTod  bjr  a 
mechaaioat  twist  in  the  opjxwito  diroction,  or  by  the  application 
of  a  magnet  pole.  He  ablo  prored  tliat  thin  moleoiilar  twist,  in 
the  act  of  being  ontwisted  meohanicallj^,  generates  an  eleotrio 
corr^ot,  Jnat  as  does  tlie  ordinary  oeasation  of  luagnetism. 

i}5.  HrcHEE^  THEOfty. — ^Tbis  nay  bo  alated  dh— (i)  Each 
tnoloculoof  inm  is  apcrfcctiangnet,iuii  a  fuDcliunof  itn  mhvrvut 
OtnsttttituKi.  (3)  Tliat  each  motctiiilu  can  )xi  rotated  by  vuriotia 
tarvm,  tnochauioal  or pliydcal.  (i)  That  thu inliurunt magooliKiii 
is  a  oonatant  qiuility,  like  gravily,  not  b>  W  inoreased  or  ro- 
doced.     (4)  In  external  mmtntlity  tho  inoI<K!ti1e«  form  a  uliued 

rcnlt.     ( j)  Lt  evident  niugui-tiiini,  tho  molecnlei  have  rotated 

metrically,  so  aa  to  oonntitnlo  a  polar  unhir,  with  a  utrotut 

at  tbo  puks.    (6)  We  haro  permanent  iikagnftiam  wlien 

,-jiilur  rigidity,  as  in  ati.-«l,  letaina  tUi-m  in  i>u»itii'n;  and 

nsiunt  magnetism  when  they  can  rotate  freely  aa  iu  soft 

I  t^S.  Tho  eesential  <)iietition  as  U>  tho  varionH  thcoriea  ia — 

^(l)  Ik  nHgnelic  force  uii  aclaal,  tnXerenl  properly  0/ mailer,  or  of 
r  forming  part  i}f  tho  moliiulea  of  matter  (3  j8),  which 
I  .  .  .!y  form  duaud  circuitit:  and  is  mngnvtiziug  an  opening 
ot  thto  oircoit,  caasing  the  foroo  to  act  esti^nially  V  or  (3)  Does 
batter  MMsess, among  manyotheraotnal  and  puteiilial  laculties, 
a  eopiiMfy  for  taking  np  energy-,  and  lUHtimiii^  a  new  polar 
^^*rd*t  (S  15.  p-  to)  which  ooiifemon  il  the  maj;"*''''^  force?  In 
^kther  wiirdM,  is  magnetisation  a  more  disttirbauoo  of  an  existing 
^n^nilibrium  or  polar  order?  or  ia  it  (he  setting  np  of  a  new 
^Kular  order,  occowMnied  wilh  external  relations? 
^^  137.  A  ma^i?t  /*  taaallr  ucuiM'Jercd  a  mew  piece  ot  »\o^  \ti 
irijfcA  a  orrtaia  /arm  nsicfos;  it  U  oTident  Uiat  t'hw  w  vrtA'S  »■ 
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part  of  tlie  magnet :  iha  external  fi«ld  of  force  which  Accom- 
jjonieo  it  is  as  eesentially  a  pa.lt  of  it  as  the  steel  ilBt-lf,  and  the 
actioDB  of  niagnctiani  are  all  of  them  merely  transfera  of  the 
enerpy  of  this  field  and  rearrangement  of  its  linos  of  force. 
The  magnetic  force  is  dne  to  the  inductive  action  of  the  ener- 
gi&ed  iQoleculcB,  tenditig  to  range  all  neighbouring  molecules 
in  the  same  order  as  themaelvet).  They  thus  set  up  a  niagnetic 
field  (vrhich  is  a  rcaolutiuu  of  the  forces  exerted  by  the  various 
acting  molecules)  in  which  all  the  fiarticles  of  air  and  matter 
range  themselves,  like  the  filings  in  Kig.  25  :  when  a  tuagnetio 
body  enters  this  Held  its  molecules  range  themselves  in 
obodionoe  to  it,  and  by  their  own  power  set  up  ft  field  ef  their 
own  ;  when  the  body  entering  the  field  is  already  ma^etised 
permanently,  and  therefore  has  its  molecules  already  ranged, 
or  is  temporarily  magnetiied  circularly  by  being  the  conductor 
of  an  electric  cuirent,  then  if  niovalile  as  a  mass,  it  is  turned  or 
RttTRcted  or  appaivutly  n'pelled  in  such  manner  as  to  most 
energetically  form  |iart  of  the  original  lines  of  force  or 
magnetic  field ;  but  if  it  cannot  move  it  resL'ts  upon  the  field 
and  moves  tJie  ma^et  if  movable,  and  a  new  field  is  set  up 
which  is  the  resolntioD  of  the  forcea  of  the  two  or  more  magueta 
witJiin  it. 

I  ]8,  Maokrtic  Fibij). — It  is  of  gnat  Ittnortance  that  this 
coDooption  of  a  "  field  of  foroo  "  should  be  aoroughly  realized 
and  rtrplace  the  old  fallacy  of  n  repnlsiTe  ybn»,  iwcause  this 
snp|>08ed  foroe  is  veiy  upt  to  mislead  in  aianj  directions,  and  it 
is  well  to  see  that  throiighout  nil  nature  we  find  no  trace  of  a 
repulsive  force,  and  therefore  ought  never  to  apply  the  idea  to 
any  phenumenon  merely  because  it  ofiiara  an  explaiialiuu.  The 
action  of  ni:i){neta  is  the  atrobgest  apparent  evidence  for  the 
existence  of  such  »  force,  und  thia  maKcs  it  the  mure  desirable 
to  show  that  uo  Huoh  force  ia  neoessarj-  to  explMn  the  foots. 
X'ig-  )t  will  convey  tlie  idea  of  a  maenctio  field,  in  end  view 
and  perspective,  ft  ahuws  the  magneuo  bar  oomitituted  of  the 
annular  (or  spiral)  systems  of  statically  polarised  muleoules  tis 
in  Fig.  JO,  Theae  moleouloa,  exerling  magDetio  force  at  right 
angles,  develop  the  linea  of  inagnctio  force  as  shown  in  the 
arrowa:  the  external  "field  of  force"  iH  do rcIo|)i»l,  under  the 
general  law  of  inilucttvu  action  br  circle*  of  polariuitiou  in 
tiio  opposite  direction  to  those  of  the  magnet  itNclf;  the  mag- 
notio  lines  of  force  of  these  therefore  attract,  and  form  dosed 
linn  of  force  with  tbore  of  the  magnelixcd  bur.  Tlie  external 
arrows  Rhow  the  position  iu  wluoh  another  magnet  would 
//tKVMari'/^-  phco  itself,  btvauw  r'n  10  <toriiJ  *A*  /tn«  o/ff,re«  0/  iha 
**w**/»*yw/«vff/</y</f(rt.'  lAtmttl(t4  titlJiosoe/  the  pnorlB"^  H^- 
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Th«  Hum  of  forctt  of  tna]:;ncli([m,  IHco  Hmnip  of  vlcctricity,  tend 
to  tlio  dirootiOQ  of  most  capncitjr,  so  that  wlionoTer  n  maKoctio 
body  ontcia  Ula  SbM.  tho  liaec  of  forro  coocontrAto  n-itliin  it, 
and  tho  osl«mal  sctions  aro  to  tliat  Mtvnl  snpprcawd.  This 
IB  what  bappoDS  when  au  armaturvi  in  a{<pli«l  to  a  bone-6boe 
tpasDfft.  In  tho  caao  of  a  )ior*e^oe  tbu  oxtcrnni  fiold  forms  , 
Itauf  in  tbs  space  around  llie  opening',  ftinning  an  dllipM,  nith 
iu  otrolw  of  polaruuttioa  in  tho  aame  order  ns  thmo  of  tho 
attgimt  (inrteu  of  nv«ned  as  in  Fig.  ji,  vihcn  tho  magnetic 
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lin«f  baT«  to  ntnm  oil  theniBclvoH) :  on  tlie  anproach  of  the 
annatore  the  Hum  of  force  are  taken  up  hy  the  iron,  which 
tienmi«-a  itself  a  uuKiKt  friTmiiijz  a  ooiitinuatiuii  and  ooniptotion 
<^f  the  tioTse-ahoe:  tue  energy  of  tlic  exionial  fteld  derelojia  tha. 
IniTti  of  attraction,  and  if  the  armaluro  b  anffiolently  large  and' 
~n  r«Ty  good  coutaec,  the  magnet  now  ceawa  to  have  any  i 
ixtemal  action,  beanne  ita  whole  oircnit  ia  aclf-contained. ' 
never  oocttn  completely  in  the  oaae  of  an  anmtturo, 
,nae  porfoct  contact  is  not  to  be  attained  :  htit  if  a  homo- 
geneons  nug  of  st«el  were  magnetized  it  wonlil  aliow  no  external 
magnetic  action :  auoh  a  ring  would  mauifeat  opposite  free 
pilts  of  etgnal  atn-ugth.  at  any  poiat  at  whicb  it  might  be  cat 
■doas,  and  part  of  its  eoeigy  would  pss  into  the  external 
t  whiou  would  be  then  developed. 
1 39.  ArrRACiioit  AXi>  Bepulbjon. — When  the  aagneta 
■  piiruack  each  oUier  tbi^y  uanifeet  allractitm  betnc«n  unlike 
ii.j[c«  }»  ftud  8  and  Mftittitn  between  like  poles  NN  or  SS. 
\Mi«1) a non-ttiagnetiiK<.l  hut  mngnotioliodyaiiproachesauui^ei 
it  in  tAimya  aitraete'K  biKtmse  u;ii^ni<ti>im  is  indib-fdm  \Va»\aft\. 
.Jn-crilml.  m  trav  jHiInr  order.     If  a  ivoak  magnet  ajY^tftWiVt^  '^ 
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Ntriing  ono,  iU  luaguet'itm  ii:uy  ha  uvcriM:iw«rod  hy  iiidnction 
cither  t4:mi>onirily  or  permjuicntly,  ir  tho  tit^ijit  nre  oppoMi]. 

AtlraeUon  it  illustrated  in  Fig.  tl  wlituti  nhown  tbc  notion  of 
oppcxiU)  poles  Kppmbobintf:  tlie  liuoit  luii]  fiiilils  of  i  ami  3 
ontur  oaoU  otbur  «iid  bkorT  in  one :  tlioy  ilniw  togr^thi^r  jiiHt  ns 
do  i>n)>aiiita  etuotrio  obargON,  and  tbo  two  imtgnou  conittiluto 
UDO  Ioiih;  oiiu,  in  vrbioh  tha  SN  polM  at  tho  niiildlu  dimppntr, 
and  their  roroex  am  tniu^furrvd  to  tho  oxtvmal  polcM,  us  vrhon 
two  galvanio  mIU  arc  oonplvd  in  Horiua. 


Vu).  a. 


Fio,  33. 


BfpuUttm  is  explained  by  Fig.  33,  wbero  t  and  2  are  mnguoU 
witii  lilto  polcB  presented :  the  lines  of  i  8  and  2  N  ooalwoe  and 
tend  to  turn  tho  tuagneu  round,  ro  aa  to  produce  the  conditiona 
of  Fig.  31.  If  motion  in  only  possible  in  the  vertical  lino,  tho 
marplots  will  reoodo  from  each  other  becauso  each  seeks  tho 
molccukfl  of  HUrronndinf;  air  to  complete  its  Geld,  and  thcrofori) 
thv  maguots  thotoaelves  move  in  tlie  direction  which  itivi>lTM 
fh«  looet  intorference.  Fig.  )}  shows  also  another  instanoo  of 
attnuHioD  as  botwcon  t  and  }  where  both  ])o1ob  act  togothor 
ftnd  Gttch  bar  ocls  as  tho  external  field  of  the  other. 

140.  Mehia  NIC  ALLY  Pnot'UCEi)  FiKLSS. — Fields  of  force  snoh 
W  are  shown  in  these  fl^pircs  are  nut  merely  imaginations :  they 
are  capable  of  being  visibly  produced  hy  mechaDit^al  means,  with 
phenomena  strongly  resembling  those  of  attraction  and  repul- 
Hion.  Tho  curious  vortex  rings  furmed  of  smoke  issuing  from 
an  opeoing  in  a  chamber  subjected  to  a  sharp  blow  (and 
resembling  those  often  produced  by  cnnii<m)  are  illustrations 
of  this,  for  these  circling  ringn  possoifs  many  of  the  atlribntoB 
of  solid  liodies,  moving  as  a  oooDOotod  whole  in  space,  and  even 
I'obounding  from  each  other. 

Dr.  C.  A.  Ujerknos  of  Christiania  exhibited   at  the  Fans 

Exliihiti«n  of  sSSi  a  scries  of  vxpcrimentG  in  which  tho  motions 

of  mttravtioa  and  repulsion  were  very  pericct\^  \in\\«,toA  hy 
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_ .  I  of  cdirenls  of  wator.  Tito  Dprau-atan  oooswtod  of  small 
drama  ocmitoct«d  to  HD  kir-pamp  which  Hltcmatoly  nzpMLda  utd 
DontnctB  tba  dUphmgins:  if  two  such  dnims  m  fUteai  ia 
WMt*r  M  thftt  0D«  of  thorn  u  movablo,  and  a  tmcotmam  of 
palantiuiis  impartod  to  Hm  dmphngms.  cMnHio»  oorara  if 
both  i>ulut4>  oliko,  but  r^mttitm  ocean  if  tho  pnlaatioiu  an 
altamating. 

Ur.  A.  StToh  in  n  paper  rc*i1  to  tho  Society  of  Tdompb 
&iKioOTn>  37th  April,  iSdi  (toL  xi.  p.  t^j  of  tho  PnooawiDea 
of  uw  SocMtj),  applivd  tho  same  princinlw  to  vibratioBt  to  air. 
nJB  exparimaota  ihow  jaat  nioh  "fioltU  of  force"  ant  tip  l>y 
polmtiopa  ia  tho  air  oa  aio  ahoini  hy  iroa  filingii  in  tho  oaao  of 
maguotisiii. 

141.  L&w«  OP  Uiosmc  FoKK. — It  ia  goDcmlly  alat«d  that 
the  attraotiTe  (broo  of  a  magnet  rarioa  tmvnttif  at  Ihe  t^tum 
0/ iJte  dubtmee ;  bat  thJa  oao  obIt  bo  trno  of  th(i  fomci  exurtod 
1^  Mch  mulvmle ;  no  piaotical  law  t*  pixwiliUi  ax  tho  cflkict 
variea  witli  erory  chango  of  fonn,  and  it  ih  qiiito  poMlble  to 
make  a  nniubcr  of  nognota,  all  of  (xgnal  povrvr  iijton  an  artna- 
tnro  in  contact,  yet  all  di^^tring  in  thoir  attmciion  for  their 
artnatoro  at  dtflereot  distaDcos. 

Let  na  oonceire  two  auch  maf^eta:  A  (K — S)  with  1  inch 

letweeo  tla  polm ;  B  (X S)  with  %  incheti.     The  Sold  of 

A  will  be  the  more  iDt«ii»e,  bnt  it  will  extend  only  n  small 
diolaooe  from  the  ends  of  the  magnet :  n<^»s8arily  thcrt^'fom 
attnctioD  on  the  armatore  will  diminish  mnch  moie  slowly,  aa 
diatanoe  increasee.  in  tho  wido  magnet  I),  than  in  tho  narrow 
OAO  A.  The  real  law  ia  to  bo  fonnd,  not  in  tho  diatanro  of  tlio 
arautnre,  biit  on  (ho  same  principles  na  govern  tho  rclaliona  of 
two  derived  indnctivo  circnits.  §S  lOO  and  104.  The  magnet 
baa  in  fact  two  cirvoits  in  which  to  close  its  lines  of  force: 
a  refeienco  to  Fig.  34,  p.  7^.  will  make  tliis  clear;  if  we 
oonaider  4-  and  —  to  bo  the  polar  cxtrcmitioB  of  tho  hoiM-aboo 
laagnat.  tna  magnolio  field  is  sliown  by  tho  arrows ;  it  being 
fortuod  on  tho  samo  principles  as  the  electric  tield.  If  wo 
imagine  a  bar  of  iron  approaching  frum  nbuvc,  this,  t>v  ita 
gnalor  msgnotio  capacity,  will  dmw  tho  linra  into  itaoli,  and 
two  fnA  bolda  will  form  between  its  extrcimiticH  and  +  niid 
— .  It  is  evident  tln^o  two  fields  are  11  pair  in  enrics,  dividing 
the  force  with  tho  original  field  in  ihe  ratio  oflhc  mreral  caBUcitieM, 
which  may  bo  ronghly  measured  by  tho  rotation  of  tho  diatanoo 
between  4-  and  — ,  as  against  tho  sum  of  the  diatanoos  -f-  arma- 
ture — .  therefore  it  is  a  mistiiko  to  bring  tbo  polca of  boiao^huo 
magiMits  near  togvtiuu-i  tbox  do  mor«  work  if  t\ic  o^iAtt^  \% 
•rnftv  Uvtaae  wAea  oaco  in  oontact  the  lengtU  of  Oie  tttmaXuw 
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olTcni  «uilI1  rcsistniice,  if  it  be  mailo  of  pure  soft  iron,  whilo  this 
form  gtvvii  greater  range  of  work. 

Tho  forw  cKorted  by  n  magnDt  holding  tip  a  weight  in 
mooMunxl  in  tlriica  bv  multiulpug  tbo  weight  in  gramiDOS  by 
nr  tho  furco  of  gravity  at  tbo  place,  which  is  about  (p'Si  in 
£nglftii<l. 

141.  Maohctiz&tiox.— Steel  may  be  tnagDetiied  by  dntwing 
n  bur  nrnenet  along  its  several  surfaces,  always  in  one  tliroetion ; 
it  in  still  bettor  to  arrange  a  complete  systotn  of  bars  formitiK 
an  octoeun  or  square,  and  draw  the  magnet  round  snd  roniiil, 
always  in  one  direction :  in  this  plan  tbo  bars  may  bo  all  Kti^ol, 
or  nltcmnte  sleol  and  iron. 

If  tlie  operator  has  two  bar  magnets,  an  oscellent  plan  is  to 
placu  thoRi  with  opposite  poles  together  over  tho  iniddlo  of  thu 
bar  to  bo  magn«tiiwd,  and  then  t«i  draw  them  slowly  osundur 
to  th«  onds.  repeating  this  six  or  eight  time«  on  each  faoo. 

HoTSO-ahoes  are  treated  in  tho  same  way,  ulosing  tho  poles 
witb  a  soft  iron  armature,  or  a  bar  magnet  properly  plaeM,  or 
two  oaa  bo  arranged  facing  eaeh  other. 

The  bar  magnets  may  be  advantageously  ropUci^d  by  (."k-etro- 
magnets  wkioa  can  be  given  a  mueh  higher  specific  ningnetisra 
thwL  steel  can  retain  ;  this  is  a  great  advanlage  because  tbo 
magnet  can  generate  no  higher  intensity  than  it  possoasos 
itself,  and  thoroforo  iho  stronger  they  are  the  better  thoj 
mngnctizo. 

14}.  TflK  It^TTKKY  PitocBS;. — ^Tbis  is  the  most  eonvonient. 
It  (vmKiNtN  in  making  the  steel  bar  aet  as  the  eoro  of  an  oleotro- 
niagiiet  for  a  fnw  eeconiU.  A  short  coil  should  bo  mado  of  it<^ut 
eiivured  wire,  Uie  ccntntl  opening  of  which  it  largo  enough  to 
allow  it  to  b(!  piiMKcil  over  tho  bttr.  It  ohoald  bo  arranged  at 
thii  middle  tif  the  luir,  iind  a  poworriil  current  sent  through  it, 
aud  piiasud  aloiiK  the  Ictigih  buth  wn>'K  several  times,  allowing 
tbu  euds  to  halteiitor  the  lii^lix,  and  bmn^bt  back  to  tlio  middle 
bul'ure  th«  cum-iit  is  »toppe«l;  tho  at^tiiiu  is  facilitated  by 
HiigUtly  tapping  the  magnet  during  the  pruceas  lo  prodnoe 
vibralton.  The  ubatgo  is  aMunled  bv  completing  the  mugliotio 
circuit  eztomally  with  soft  iron:  in  this  oaae  also  the  magnet'  ~ 
retained  is  higher  than  if  the  steel  is  not  provided  with 
arniatnre  to  complete  the  magnetic  circuit :  tho  reason  is  that 
M  in  oomponnd  magoets,  part  of  tho  lines  are  apt  to  rctorn 
within  tbu  nuiNs  of  the  ntotol. 

IA4.  Qdauiy  or  Btxel. — Some  ny  that  (or  large  magnets, 

hanuiued  cast  steel  is  b«8t:  fur  compound  horsoHihoe  magiteta 

sAi^  muoQ  aoDMiM  nt  joo%  or  hard  sbaar  steel ;  for  noodles,  cast 

ftae/ aaoeaied  in  toiiiug  oil.     Steel  iiwA«o1v\wS»A«(i\>.b,m.<iU 
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as  Swetlldi,  laakM  the  be«t  iiugDets :  but  it  la  rorj  douUfnl  if 
eatt  •tool  i*  )Mla|)4cd  to  tlie  ]>ui]>uee.  It  is  now  foDud  tlutt  about 
3  par  ooot.  of  tongsteD  ^wolfram)  eudows  ste«I  witli  lUKb  mae- 
Bfltaa  power;  this  steel  u  manufactured  at  the  AU«vaM  works 
ia  Franco,  aud  U  now  employed  for  high  quality  [Da|;iu)ta  by 
nany  makers. 

CaM  iron  will  also  take  permanent  mognetiNm ;  jt  shonid  bo 
of  aiiaalitv  containing;  liUte  carbon,  luKram  as  wliito  iron,  and 
is  impruTod  by  the  additiou  of  lo  per  ceut.  of  hU^I  .-  ic  aboold  be 
tsmpond  or  rather  hardened  at  a  high  U^mpvrutuTu. 

By  Are  in  aeloction  of  metal,  bar  mapiets  liavu  been  prodiiood 
oarryiog  20  timea  their  weight,  and  boFse-sboes  40  to  50  times 
their  weight ;  see  3  15;. 

14;.  Voiaa  AXi>  AaiujioniBHT.  —  For  ooiupass  ne4.>dl<i«,  the 
beat  funn  in  flmi,  taperinfc  from  the  middle  to  the  points ;  for 
bar  and  liurB»>ahoe  maipwta  the  man  of  material  should  bo 
divided  into  plates  not  exceeding  a  quarter-iuob  in  tbiokness, 
aoparately  tempered  and  magnetized,  insulated  from  eavh  other 
by  aboet  brass  or  catdboonl.  and  bound  Mgothor  by  screws  or 
baada  of  braos ;  in  some  caaes  it  is  well  to  Urmiiiate  tltu  whole 
Vy  piaoea  of  very  puro  Eoft  iron,  ritaped  as  dcaired,  fitted  to  tho 
end  of  the  ban. ' 

Very  powerful  raa^ets  are  made  from  very  thiu  ateol  plates, 
with  tbv  ends  gathered  into  tenuinal  blocks.  Tbese,  which  are 
cslli-d  "  Jainins"  magnets,  are  macb  nsed  for  suiali  dynamo 
mat'litnm,  fu£u  exploders,  and  similar  a]>pBrattia. 

When  several  bars  are  Uius  unilc^l,  ttio  tital  forw  is  nerer 
aqu&l  tr>  the  sitm  of  the  wholo  soparatoly,  because  Ihe  similar 
poUit  tend  to  ucutraliza  each  other;  in  nome  cssee  the  central 
Dam  will  ereii  bo  reversed  by  this  action,  f'f  tvhich  ivasou  lliey 
■jipiild  be  tilt!  lungost.  Asa  nilo  mngnctinii  is  imparled  mainly 
lo  ibo  exterior  portions  <if  the  metal,  and  ihttic  is  a  tendency  to 
complete  the  circuit  throneh  tlio  interior  jKirtioiis  of  tho  metal : 
this  is  why  thick  bsrs  are  dituulrantogeous. 

ia6.  PaesEsvATioK  or  Uaoxeth. — Tbey  should  bo  carufully 
handled,  and  all  jarring  actions  avoided;  wlien  not  in  use, 
faaia  sboold  be  placed  in  the  true  lua^elio  direction ;  or  still 
brttar,  two  placed  together  with  their  poles  rovcrKxl,  and  a 
•mall  piece  of  soft  iron  between  tbc-ni  at  each  end.  Hono-slicca 
ahtiuld  always  hare  tho  keeper  iir  armature  on, and  llieir  jiowets 
may  be  incTeai4ed  by  hangiuu  them  up  with  a  weight  attached. 
Cain  should  bo  taken  never  10  violently  detach  the  keeper,  and 
when  this  is  removed  for  use,  it  should  be  done  by  alidiug  it  off 
•cross  the  poles,  not  by  pulling  it  away. 

The  power  of  a  au^nol  i»  iulluencod   by  its  satrvnt^ti^ 
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•neb  OK  noighlioiiriiig  inagaeU  ami  curr«iilii,  and  n\ao  by  t«m- 
pcrAturo :  t>y  ccxiliiig  to  io"  0.,  }6  pur  «<itil.  of  tht!  tuiijpiotism  is 
lost ;  »  Htrung  heat  domsgnetixufi  sluul,  uui)  tliu  nuijiuetisin  «ven 
lowere  with  An  ordinary  rise  of  tdmiierature.  It  is  also  fouud 
that  ft  Rvtsh  uf  Itghtiiiiig,  even  though  dintuut,  alTectit  tbo  mag- 
iiotic  furi'o,  Bhowing  buiv  intiinatL-ty  uuuut-ctud  all  nature  is. 

147.  Thcrarlh  iUvl/  in  a  largf  mayiwt,  and  this  ia  why  lUo  mag- 
netic tieeiUe  haa  ati  umiareut  dirttcttve  |iofri-r,  as  it  ulaoes  itnulf 
ou  the  Udub  uf  tho  earth'ei  mugutitic  fiuld.  T(>rr<e« trial  magiiutiitin 
Ih  n  Biihjcut  of  vunt  iutvreat,  but  it  is  out  of  th«  iiOu[iu  uf  tlie 
present  work.  Oar  conoeru  with  it  is  (o  rcgurd  the  tiurib  an  a 
htigo  niaj^iiot,  and  to  uudorataud  thut  ittt  aotkitis  ara  the  aania  as 
tho»o  of  auy  other  Diap;ii&t.  Tli«  jidos  of  th«  earth's  uagnetism 
nru  not  cuincidoiit  with  its  axia  of  revolution,  nor  aro  they 
Axt^^d;  h«tiOd  tho  variatimt  «/  the  amipaw.  It  appears  tM  if  there 
wtro  two  magnetic  axes  (that  is  two  N  and  two  S  poIe«)  which 
niiiku  a  slow  revoliitiou  arouud  each  otbor,  while  this  compoUDd 
iixitt  also  reyolvea  aruiiud  ilie  |H>laT  axis  of  the  earth  in  a  period 
ufuboul  320  years.    lu  iSSj  the  jKisition  of  the  magnetic  poles 
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The  variation,  or  declinntion,  b«sidos  this  gonoral  cb^^^| 
fabout  7'  per  year  in  England  and  now  amountine  to  18°  JJtP 
tliu  westward  and  diuiiniisliing),   ha«  annual  ana  dailv  email 
variations,  ^uc  tipparcntly  to  ciU-itric  currvnls  g«Dcratoa  ui  tho 
earth  by  tho  vnrmtion  of  tcniporatiirc, 

I'ho  intc»*ilg  or  force  ih  Hiibjeot  to  similar  variations,  causod 
partly  by  the  change  of  position  of  ilni  |H.des  as  regards  each 
part  of  the  wirtli,  which  at  pntsent  slowly  incrcaers  too  fono  in 
England,  and  piirtly  by  Iho  fluctuations  in  tho  causes  of 
magnctiBUi  itHtlf,  which  prolialily  are  connrctcd  with  [icriodicAl 
changes  occurring  in  the  Etiti,  niid  tho  niasiiuuni  and  tninimuni 
poriotU  of  Buii  sjixtx,  imd  iilso  probably  with  tho  grouping 
and  relative  dtstitmics  <>f  the  planets.  Irregular  variatiouii 
accompany  diEplayH  of  aurora,  |  97. 

Tho  force  is  ouuiiidered  umler  two  heads. 
148.  The  liip  or  yerlicul  oompunent  is  tho  intcuaily  of  tho 
attraction  with  which  a  [lorfijclly  balanced  needle  in  drawn  out 
of  the  hurixonlal  Hue  with  ilji  ends  dipping  tuwardtt  tho  nvarcKt 
iniign«tio  pole,  where  it  wuuhl  aHaumo  tho  vcitictil  ])o«ition. 
Tho  prootioal  elTeot  is  that  a  niagnctiaMl  iiL-odlo  roqnirvs  a 
oonnterpoise  to  balance  this  force,  if  it  is  intended  to  rost  ia  a 
lioriiontal  plane. 
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150.] 

Tke  horUomtal  intttuiltf  Ut  of  ttie  mcwt  imporUnoo,  m  in  gklra- 
aontetsn  th«  Ta)u«  of  &  deiloctiun  firxidtioed  by  m  ctirrent  ia 
proportional  to  Uie  itorisouUl  inUmitity  of  the  vurtb'a  poll  ou 
the  needto  ut  tite  place  of  obacrration,  wliiob  v*riwi  from  a 
akMUtuiuu  «t  ibo  ma^netio  eqoator  to  uolliintc  nt  tlie  pole :  it« 
poutioD  of  gn«l«8t  uit«tuit7  U  in  Utitwl<;  o",  longitoio  toi°, 
wb6r»  it  equals  dyne  *}'}}•    At  tireenwJch  it«  v»luo  ww 
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•'794  '•794 

'180S  1-805 


An  approximate  furmuU  for  the  value  at  difforont  part«  In 
^  I  +  )  «n  ^A.  whom  A  is  tHo  lungiictic  latitu<to  or  inroiBc 
aaeolar  diatauce  fnim  the  mngnolic  pole 

Anutlitr  fomiiitn  ia  IhimkI  upon  tho  u«ninption  tlwt  the 
earth  is  a  unironuljr  ntngnetizoa  bodjr,  (ir  tliat  it  act4  im  the 
tUBgneliiced  fioM  gvRvratocl  by  a  miigni^l  nl  il«  cviiire;  llio 
nai^lw  moment,  i  15 1,  giwM  ■  yyo^i  x  oin  A. 

149.  Tlio  wofnfitc  fiM,  ooiwisting  of  line*  of  forco  haring 
dirtftiom  and  )ti'«n«tfy,  of  neoemity  varicM  in  foroo  at  its  diflbmnt 
parts;  tbe  wti  fitld  \b  that  which  eiorta  unit  furoo  on 
a  magaelie  pole:  bat.  aa  in  the  mutual  roactiuti  of  two  ]tol<-«, 
^  1 30,  this  Diagnet  itself  is  a  factor  in  tlio  force,  and  F  =  m  x 
H,  where  m  io  tha  moment  and  IT  the  inU-nulyof  tl>o  liold  ; 
distitiico  does  not  ent<T  into  the  fonutilu  bcciiiive  it  ut  alrondy 
unA  of  the  elementa  whioh  define  tlio  inteniuly.  H,  which  in 
always  used  as  the  symhol  of  horizontul  iuti'^uiity,  is  the  fivtd 
prodooed  by  tho  niiit  polo  (Wi'bvr)  at  tbo  dinlJince  of  oi.O 
cmtiuetro.  and  more  ^oenilly  it  la  as  M  -4-  ')'.  om  tlio 
atreugth  of  the  polo  and  inronxih-  an  the  wguaro  of  tho  dintauco. 
It  is  pnwowd  to  call  the  unit  fiitlil  iiit«naity  u  GauM. 

I  to.  'i\M  ttrtugtkof  a  foie  iviu-nibles  ihuunil  quantity  of  eleo- 
iricity,  i  87.  and  a  unit  p<>lu  mcana  one  vAifA  at  oti«  ettitimetn 
dutoafe  repels  on  rqaal  timilar  |k>/«  in'lA  a  /urce  0/  oite  djms.  The 
same  fommla  as  in  givwi  S  86,  F  =  ■  X  m'  -i-  D".  exprewos  it, 
and  Uwrufore  it  is  uImo  ciitlcd  tho  unit  of  magnetic  <|nautity. 
Its  Talnp  in  10*  C.O.S.  nniU. 

The  pi>U  of  a  inagKri  it  wA  a  fixed  point  in  it :  it  is  the  focus  on 
which  the  molecular  forotaoombine :  therefore  this  pole  or  fo^uM 
will  change  in  position  if  any  cause  modifies  the  tield  of  ihe 
ttukgnnt,  BOob  as  tho  appioaoh  of  a  usguetic  tiulctun<M;  or  another 
maglMt. 
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i;i.  Maoxetic  MoMEsr, — In  mecJianio*  th«  "iii<mi«Dt"or  • 
fomc  i»  itfl  v&luo  under  given  circuoistaiioca,  us  of  tho  fcn« 
apjiluHl  to  a  tuv«r  to  move  it  aronnd  its  falvnim.  A  mognet  is 
ti  lijvcr,  iUi  wrtitre  the  fulcrum,  its  poles  the  puiut  At  wLith  tho 
fgnic!  in  apiilieJ,  aiid  tlie  lengtli  of  leverage.  In  aiich  cnatia  tho 
iictititi  in  oiJiioBito  directioii§  on  the  two  enda  «f  tho  lover, 
vxortiiig  111!  tttTiirt.  not  to  move  it  in  any  direotion  Ixxlily,  but  to 
turn  it  on  it«  axis,  is  called  a  "  couple."  »nd  th«  muplv  tending 
to  turn  auy  magnet  placed  at  right  an^lea  to  Uio  pull  of  tho 
fluid  U  tiJ  ^  K  '1,  where  mlh  tho  ma^Hie  moment,  ilopcnding  on 
m  lliu  HtriiUKih  of  tho  polo,  and  I  diBtanoe  helwton  tho  polos. 
Tliei-oforu  tlie"iuoment"  of  a  bar  magnet  U  doubled  by  another 
of  «<iual  aieo  and  iuteneity,  by  placing  them  vitbcr  (-ad  to  end, 
iia  this  gives  2  Itn,  or  aide  by  side,  n-liioh  gives  3  mi:  in  fact 
tho  nagnttic  monieal  o/ ani/ uat/ermly  magjictiied  tubtlanec  Upro- 
portioual  to  il»  vulamc. 

Tlie  moments  of  magnota  may  lie  compared  bv  tlicir  relatlvo 
actions  a«  regards  another  magnet ;  if  we  uae  the  ovrUi  m  this 
magnet  (and  do  not  need  the  high  aoouracy  which  would  take 
iuto  account  iho  varying  maguetio  iuteusitv  of  tliv  oarth 
itsulf)  tlia  moment  of  a  bar  magnet  mny  lu  mc«Kurvd  by 
BUsjH-uding  it  by  a  fibre  and  counting  iho  time  of  one 
oscillaliou  or  tho  number  of  oscillations  in  a  gi«eu  tinK;,  tho 
relative  moments  aro  as  tho  square  of  the  itumhtrr  of  osoillatiuDK, 
or  inversely  as  tho  square  of  the  time  of  one  oscillation. 

To  obtain  iJio  moment  in  absolute  measure  a  very  vliort 
needle  is  frooly  suspended  so  as  to  hang  in  the  niMnctio 
meridian  ovor  a  xoro  lino.  The  magnet  is  placed  pumllcl  to 
this  line,  at  right  nngles  to  and  in  the  plane  of  the  nimllo, 
at  such  a  distiinen  thiLt  it  produces  a  aeHection  of  only  a 
few  degrees.  Lot  6  be  the  angle  of  deflection,  d  tho  distuncu 
bctwoen  the  centres  of  tho  needles,  li  tho  horizontal  oomponent 
of  tho  earth's  magnelism,  §  14S,  then  ml  =  Ud'  tan  $. 

norsoshoe  mngnete  may  bo  similarly  measured  if  their  ends 
aro  placed  on  the  line  whicb  a  bar  would  occupy,  anil  ihc 
dietanco  meusiiriH]  from  t)ie  central  point  between  them. 

Among  the  exumples  quoted  by  Prof.  Everett,  it  is  aaiil  that 
Qausa  fonn<l  thu  magnetic  moment  of  n  steel  bar  magnet 
weighing  1  lb.  (45}'^  granimew)  to  lie  loo-jS  C'.G.y.  units, nod 
that  Kolrausch  nnds  that  the  maximum  permanent  msguetixa* 
tion  retninorl  by  steel  in  very  thin  rod«  is  such  as  to  renresent 
a  capacity  of  ncnrly  five  times  this.  This  givos  acooraing  to 
ihi'Bu  obHervcrs : — 


Gauss,  moment  per  graouao,  33 '34. 
Eolraujsch  „  _  loo'oo. 


Int«onty,  17;  O.G.a 
785      » 


(urAcrrr  urn  uTCTUTtoir. 

Tho  moment  of  tbo  «arUi  u  *}}093  X  R*  and  tbe  niliits  B 
Iwuiij  6']7  X  lo'  i-L'titiiaotrw,  Uits  w  6$5  X  lO**  CQ.S.  nnita. 

153.  lu  i»Uimil9  of  a  nojiiwf  is  tbo  relation  of  the  forco  to  j 
thsioMiof  mattor  it  is  cbai^od  on,  and  varies  aa  tlie  ratio  of  tlitj 
iiiag;n«tto  nwniQDt  to  tbe  woighi  orvolume  of  tho  maK"^^ :  thiu,  1 
if  one  Imr  bus  n  momoat  cqiial  to  tliat  of  another  of  doublo  it*  , 
winuht,   it   is  itself  mAgnutixcd    to  tviitx  the  iiitenEity.     Tb9 
C.C^  nnit  of  intciwi^  i»  that  of  a  cubic  ccnJiWfrc  hn-ing  unit 
MdjTiKtic  nomr*l.     Tbe  oartb's  inaeDotic  intonaitv  ia  only  '0790 
wlucli  i4  abunt  'O00455  of  that  of  Gunas'a  ponnd  magtrot,  S  ijl, 
and  thvroforo  t  rolnmo  of  highly  magnotiitcd  steel  has  a  c«pa- 
citT  oqnal  to  3300  Tolutntw  of  iho  oarth's  maaa  regarded  m» 
unifunnlT  meg&atized  body. 

1 5  J.  Jfii<;r*>*<H' Mp'iA'yia  the  maximnm  intensity  wbiob  could  btt 
imparted  lo  niiit  volniDo  of  any  Babetanoo.  1'rof.  liowUnd  giTca 
the  Taloa  ia  C.G.8.  nnib) : — 

Iron  and  steel  at  1 3°  C.  =  i}9o;  atito^C.  13601. 
Niokel  „  Xm;         ..        l**- 

Cobalt  „  Soo? 

Difierent  authorities  give  values  ranging;  hota  400  Lo  loco  for 
ste«l.  bat  fbll  information  will  bo  fotind  in  the  chapter  on  oloctnc 
atagnetitfin . 

154.  Saltttation  impIiLtt  that  it  inaguot  in  chargt^d  to  llio 
utiDOst  tho  capacity  of  itn  iujtt«riaU  will  admit.  Uiulor  thu 
infliioooe  of  an  eloctrio  cnrrtnt,  the  magnc'tituu  will  at  first 
gruw  in  tho  ratio  of  tlie  current,  but  after  a  timu  incroMie  of  thu 
oarr«nt  produoeti  n  diiutiiiiihina  growth  of  magnelinnt,  till  at 
length  a  limit  ia  reai;bod  at  wfaidi  uondditionul  currunt  incrooMS 
thv  magnetism.  8tod  reaohes  this  point  noouer  tlitrn  ni>ft  iron. 
But  n-ht>n  lh«  magnetiting  foroc  is  suHpendcil,  the  miigiiuttiini  iti 
l(«t  to  suiue  c-xt«ni,  till  an  inteiuity  in  n^ucheil  which  'i»  t<'l6rah!y 
P«nuaiient  ifi  t4^)>  Iron  loaes  tlie  magnetism  almost  entirely, 
thuogb  a  sjnnll  "  rasidaal  magnedam  "  is  always  retained.  The 
softer  and  purer  tbo  iron  tbe  more  ft«ely  it  altsorba  and  the  more 
oompletely  ii  gives  op  tbe  force. 

I J5.  Coineire /orcf  m  a  nauio  given  to  this  property  of  resisting 
•ad  retainioi^  ma^etiHut.  If  only  ^teel  poawaoed  it  we  might 
attribute  it  to  some  insulating  or  polar  action  of  its  carbon: 
bnt  aa  niokel  and  oobalt  both  possess  it  as  pure  motata,  we  can 
only  Sky  that  we  do  not  know  what  imparts  the  nuidity. 

156.  C^tueqaititt  fciet  are  similar  poles  oppoaed  iu  thebuof 

ntotal  aa  (N 8» N)  where  we  navi'  the  app&rent  anomaly 

of  •  magnet  with  two  north  polee:  sach  luagneta  \t.Kt^  vima  «&& 
are  iMrgvf/r pndaood in  dynamo  msoiiiDca :  but  oonaoqiwa^^ 
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destroy  the  value  of  ordiuary  magnets.    If  »  pivco  of  M>ri  iron 
is  applied  to  tho  N  end  of  o  bur  magii«t,  it  is  attmctftl  luicaose 
polarity  iH  induced  in  it ;  it  becomes  itself  a  magnet,  wfitli  ita  S 
end  in  ei>nt«wt  with  tho  m<tgn«t.     If,  now,  a  Kccond  Imr  magnet 
is  Bjipliwi  Willi  its  8  end  to  tho   other    end  of  tJii*  imn.    the 
action  in  incTeiuicd,  tho  iron  held  with  donlile  forfe  ;  Imt  if  the 
N  end  of  thiis  wauid  Imr  be  apnliod,  iho  two  actiona  neutralize 
Citch  otlier,  snd  Die  imn,  thoueu  Id  contact  wit])  two  niagneU, 
will  liiive  onlv  n  plight  attraction  oxerted  upon  it.     In  tliii  oaM 
the  armature  ban  coniicqiient  poles  funnvd  in  if  and  tliL-opjHiiinf; 
fioldH  ne«trB!in;i  eaeb  other.     Tho  same  cftect  is  prii(ltic»i\  if  a 
N  pol«  apptoachcK  tho  end  of  a  piece  of  iri.n  hanging  from  a 
N  pole:  tno  iron  may  fall  off.     If  a  S  polo  were  apiin>aofa«d, 
intileud  of  weakening  the  nttraetion  of  Ino  magnet  and  tendin)i; 
to  draw  nway  tlio  iron,  the  attractive  foiPo  wonM  lie  inor«asvd. 
157.  AitiionAS. — Thei^c  atxj  closely  eonnccU'd  with  thi^  earth's 
nmgni.'l  iKin,  altliDueh  the  oxaet  rohitioii  is  not  known.     They 
uro  not.  nnfriMjiic-nlly  alti  ilinti.!d  to  rlcrtrir  diiiohargcM,  aittiiUr  to 
thiiKu  eO'eeted  in  vaciuim  tnl'cv,  oceurriiig  in  the  iipjxir  Ktnita  of 
thv  air.     But  the  aurora  is  a  general,  not  a  liteal  pbeuomenon. 
though  it  tuay  be  moio  Btrungly  diiiplayi^d  at  iHirtieulur  parte. 
Theru  in  auiplotividuneo  that  anronui  art;  nianifeiilrd  in  lioth  north 
and  mmlh  polar  rc|;iona  at  tho  same  timet,  and  we  know  that 
electric  currents  eiicnlale  around  the  uurth  as  though  it  were  an 
elect  ro-nia^et ;  the  revemo  action    is,  however,  |>oMiblo,  and 
tho  current',  might  be  due  to  changes  In  tho  magnetism.     It 
seems  uiuro  prohable  that  ihe  aurora  ia  an  iltiintination  of  the 
lines  of  inayntflif  force:  at  all  events  the  auroral  corona  always 
forms   around   the   poHition     of    tlie    umgnt-tio     pole,  and    its 
linos  eon'eajx'ud  to  IhoHe  uf  the  magnetic  field.     There  ap]»cnr» 
also  to  be  Bome  connection  between  the  aurora  and  /«ir*efia  or 
mock  suns,  which  are  due  to   a    peculiar  arr&u^meiit  of  ico 
particles  in  the  upper  air:  this  rendera  it  probable  that  iheplay 
of  light  and  colour,  and  the  shifting  Htrrameis  of  the  aurora  are 
duo  to  the  magnetic   lines   of  force   aflecling   the  constantly 
varying  strata  of  moisture  iloatlug  in  the  air. 

1  rof.  Londstroom  of  Ilelsin^fors  lias,  it  is  said,  produced 
auroras  by  artilieial  means  ;  he  raised  a  uiunber  of  points  on  the 
Hummit  of  two  hills,  one  of  them  }6oo  feet  high,  in  67°  N.  lat.. 
connecting  thew  points  to  earth  at  the  foot  of  the  hill :  an 
aurora  wa«  formod  rising  too  feet  in  the  air  and  exhibiting  tho 
true  auroral  spoctmm.  1  his  result,  due  to  atmospheric  electric 
discharge,  i»  pr<)bnblo,  because  tho  aurora  strongly  rc>*embloB 
some  formn  of  electno  diHcharge :  but  it  would  not  (litaiiiiah  til* 
probability  that  the  true  aurora  is  a  luxoiuous  efieot  of  nutgiutifm 
rather  than  of  electric  discbargo. 
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iS8.UAaiinicSroBiu.— Tb«wan  theouostaDiacoouitMkniiuenls 
of  UM  »Bnira,  littt  often  oocnr  when  there  ia  uo  vuiliiu  iiim>m; 
thmr  luve  Men  olaamd  to  Mconpaay  cbaugee  iu  Urn  Man, 
■ad  d«T«1opmoiit  of  enn-flpola^  The;  oolusist  in  the  <l«v«lu)>mctit 
of  stnxii;  l>tit  Soctnating  corronts  in  the  eartb,  nhioli  frvquunlly 
nw  to  »  furoe  of  joo  Uaniell  colls  and  occasioniilly  to  2oco.  Ttut 
direction  iM  mmaitiy  from  oast  to  we«t  as  though  tl>e  ]>outiv« 
onmut  fi^llcnred  ttto  son.  Tdograpb  lines  niuiiini;  east  or  we«t 
Inoone  unclws,  except  br  connoctiog  tn-o  together  to  funu  d 
flontplc4a  cirodt  indvpttoaeot  of  thu  eurtlt ;  txit  lines  ranuing 
Borui  umI  Muth  are  comparatively  unaffoctud. 

On  i7lh  and  iSth  NoTombor,  i88t,  a  serore  magnetic  stonu 
affected  the  whole  rarth,  and  auependad  toleemphio  com nmni ca- 
tion ingnatdcgroe.  It  vruaooomjiRnio<l  with  u  brilliant  aurora; 
lb«ir»  wore  rIm>  heavy  anowstonns  in  nutny  place*,  and  at  Ihe  same 
period  then  won  scvontl  largik  aun-apotit  fomiing  in  the  sua. 
DariagthisBtormtbooortli'anagDotutmiindvrwvut  rapid  Httctna- 
tiaoa,  and  the  deolioation  variod  i°  i8',  and  ihu  ilfphulf  udegroe: 
nmDltaneoasobangoi  wcraobeorved  in  Enrol",  AiiiiiriL'n.iutd  Japan. 

I  ;9.  Diamaohrtihm.— Magnetic  oBvvi*  can  Iw  deTalop«d  in  all 
sahalAuoes  by  electrical  curronta  and  lit'ltuw,  asd  Fanday 
and  others  have  proved  that  mag  im^ tic  octioiM  do  thns 
ooonr,  modified  by  tbo  nature  of  thv  mlitlaDoea  and  their 
BoUonlar  arrangemont,  which  leatl  to  a  olaMtifioatioii  of  anb- 
■tanoue  aa  paramagnetic  ami  iliBmngnutic. 

The  first  clan  when  inletpoaed  bctwi.'eii  the  poles  of  a  magnet, 
place  themsolvca  with  tht^-ir  longer  asia  in  the  line  joining  the 

Llee ;  the  latter  aimngu  thomHolrea  acroa*  that  line.  Thoro 
»  liven  a  tondcnL^y  among  aonie  philoaopliera  to  attribute  this 
b>  a  lorc«  dixtinct  fiom  luugueti^m,  Wt  ther«  aeema  uo  Kuffioictit 
naaou  for  it,  aa  the  pro]iertit«  of  tliv  magnetic  field  will  explain 
thm  baUm ;  it  woald  aeem  more  pruliul>l«  that  the  diamagiictio 
nlatanooa  are  thow  in  vrhioh  the  faeutty  of  asauming  the 
tBagnetio  conditiuu  ia  foehler  than  i»  uir.  and  that  therefore  the 
'  -  uf  air  form  the  field  more  readily  than  those  of  aay 
1  iwl  oonaetjueuily  move  these  Latter  into  the  Doeitioa 

III  wliK'.li  they  take  up  the  least  portion  of  the  lines  oi  foroo ; 
tlius  a  tut>e  containing  a  weak  iron  sotuiion  will  be  magnetio  in 
air.  but  miapctided  in  a  Teasel  containing  a  stronger  solution  of 
iron  it  acta  aa  a  diamagnetio  Bubstanoe.  Diamagnelism  will  not 
ba  farther  eDtered  upon  in  this  work. 

ifio.  Beibro  leaving  the  subject  of  magDotism,  it  will  bo  woU 
to  point  oat  the  error  of  the  twmiuon  oomieption  of  magnets  a» 
UMsbanatible  Bomnos  of  forco.  It  is  this  Diutconooptiw  vV)\<^ 
iuutied»oiBJioj-towiLtu>  thoir  timo  in  trying  todovw!V*Tv«V'aA- 
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inotioi)  inke]i>n<«,  of  vrhioh  magnotisiu  was  to  snpply  Ui»  motive 
powor.  It  him  ulna  giv«D  ri»  to  uuuiy  iitiestioni  w  ta  liuw  it  is 
UiHt  K  niiigtKit  ain  inijxtrt  tone,  to  any  number  of  Othor  magnet* 
vritlioiit  itsvlf  [Kirting  with  mny  foroc. 

Miignel«t,  like  springs,  oan  only  t-xert  the  pow6r  whiah  bun 
\h'CR  jiut  into  thorn:  tkeif\ave  no/orfe  of  ihrir  own.  In  tbu  net  of 
iiin^rtizing,  whother  by  ms^ots  or  Iiy  olectridty,  a  cerlniu 
umoant  of  eoei^  is  oharged  upon  tlio  moleciilos  juat  ae  h  wimld 
if  eaob  of  tbo  molecnlcs  in  Fig.  2&,  p.  8j,  wi^rd  ft  epHiig  which 
wua  woand  up  in  the  act  of  magn«tiitiu^.  Irrcajtectii-e  uf  tlit-ury, 
this  is  B  prOTcO  fuot  as  the  he*t  of  aohitioti  of  magiietixcd  «teol  is 
grcAt«r  tban  tJist  of  the  asmc  ateel  not  iDa||pietix«d.  When  tlie 
atngRot  cxortK,  any  tonx,*!  parU  trilh  that  /aref;  it  in  to  thatext«nt 
exhuuHtod,  and  the  energy  it  {utrta  uitli  in  diatriliuted  over  the 
iiuw  "  liold,"  or  in  iha  annstare,  &c.,  whidi  lisa  be«i]  moved.  If 
ttiu  artniktiiro  is  6  inaas  of  iron  as  l&rae  aud  heavy  as  the  lusKuet 
oati  liold,  tb«  magnet  is  exhausted;  it  will  no  longer  anbut 
oxteioa)  magnMs,  Ac.,  or  but  verv  alightl^*.  Uofore  the  mar- 
uot  can  vzert  any  further  force,  ilia  rcuuiaile  energy  mnst  Sa 
reiilorod  to  ita  molooules.  This  is  dono  by  removing  the  arma- 
ture, which  reqiiirea  ao  oxortion  of  foioe  equal  to  that  irxerted 
liy  thomngttot  in  attnuitiiiK  it. 

The  dirtimition  ia  aimiile,  but  impiirlaut ;  the  common  id(« 
rc^irdM  thri  ntmcjvul  of  the  armature  as  aa  exorticti  of  furco 
agiiinnt  thu  jinvrer  of  the  magnet,  and  in  Koma  mdso  thia  ia  ho. 
But  llie  rxNU  aotiou  is  the  restoriuj;  to  the  mngnnt  the  {imu^ 
wliiuh  it  has  t^veu  tip  to  its  armature,  which  is  vd'eoted  by  the 
ujolcoules  tUeumelves  so  long  as  they  retain  the  magnetic; 
condition. 

So  in  the  act  of  niagiictiziug,  it  is  uot  Uie  magnet  which  gircs 
tho  force,  but  the  energy  expended  in  tbo  act,  just  as  in  cutting 
a  ineoe  of  iron  with  a  steel  chisel  it  ia  not  a  force  in  the  chisel 
wnicb  does  the  wi>rk.  The  magnet  aud  the  chisel  hare  each 
certain  molecular  prupertios  wluch  enable  external  energy  to 
produce  the  desired  effect;  in  the  one  case  of  effecting  a  ujole* 
cular  anan^enient  in  the  Rteol  bar;  in  the  Other  of  destixiying 
the  molecular  arrangement  and  cohesion  of  a  piece  of  iron. 

The  Frenoh  and  Bome  other  foreign  writers  (and  oven  a  few 
Cngtisti  oncH^  reverse  the  polar  iiaraos.  We  call  the  end  of 
a  nuiKTiot  whiob  pointa  to  the  nortli  [lolo  of  the  earth,  the  N 
pole,  but  as  itA  magnetic  condition  Uoppoaito  to  that  uf  the  earth, 
thuy  Miy  that  its  proper  name  ia  the  S  pole  of  the  magnet,  as  its 
magnetism  in  aiulrai  while  tbat  of  ihe  N  polo  of  tbe  earth  is 
&^n?aK  Uulnss  this  ia  anderstood  «tudents  may  oaaily  misunder- 
sUuid  the  aimaiog. 
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CHAPTER  IV. 
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QALTARIO  BAITBBIK8. 

i6i.  It  is  difflcnlt  to  examine  th«  fftots  of  galranit)m 
thoroQgfaly  in  auy  pTograatlve  onler,  as  advmncMl  knowlodgo 
M  required  to  nndersund  the  eleuenUrv  faotn :  studonu 
most,  at  ftrst,  aooept  the  priuc!j)l«e  and  lawa  necamiy  to 
Badsntaad  the  &ota,  and  return  to  theae  apla  after  the  atocly 
of  the  piinoiplee  of  measarefoent.  Sec,  baaed  upon  the  bats. 

i6i.  If  we  idaoe  a  piece  of  ordinary  aheet  sino  in  a  dilute 
acid,  we  find  tnat  a  tamultaoas  action  talcM  plnoe,  the  aino  i«  | 
diaaoWed,  and  hydi<0(;e&  gaa  siren  oft  Another  effect  is  pro- 
dnoed  which  is  eeldom  set  fana  when  tliU  I\iadamental  experi- 
ment is  Htated ;  at  the  Mino  dioaolven,  tbu  liijnid  bucumen  hcAtod. 
Now  thia  laat  fact  ia  the  one  of  primary  importance  ;  for  with 
all  the  aimilar  fiw:ta  in  chemistry,  it  tcuchon  lu  tbitt  wbencTOr 
aa  Mition  Uikixt  jiboo  Hponuneoiuily  between  Kub«taiii:<M,  miDigy 
bt  Mt  &ee,  n»nally  aa  he«t.  Let  lu  examine  wliat  oocura  in  thia 
loatMoe,  and  wliy  it  ooours. 

The  old  explanation,  even  now  frvquontly  given,  in  tiiat  tho 
aino  deoonipoaea  water,  H,0,  give.i  vB  tbo  bydrogon,  anil  furma 
oxide  of  xinc,  ZnO,  whi(^h  iit  then  dinaolvoil  by  the  acid,  forming 
a  aall  of  sine.  The  true  ^xpliiniition  ix  far  mure  aimple;  the 
acids  are  aubatancea  in  which  hydrogen  forma  the  bcvx.-,  united 
with  a  special  acid  radical ;  hydrog«u,  though  a  gao,  has  m.any 
obeteiou  analogiiM  with  the  metua,  indeed  there  ia  reason  to 
believe  that  it  is  »  troe  metal,  capable  of  aaaumtng  the  solid 
atate  in  alloy  with  some  other  mculK,  and  dUplayiiig  the 
ordinary  charaolerislioi  of  motul*.  At  all  evouta,  uetala  are 
capable  of  taking  Its  place  iu  ooinpoiinds ;  and  in  the  oaao  nudor 
Donsideratioo.  of  xino  acting  on  dilute  sidphurio  acid,  the  metal 
diaplaoea  the  hydrogen  and  coDTerta  the  sulphate  of  bydrogan, 
B.SO,,  into  ZnSO,,  sulpliate  of  sino. 

i£}.  U  is  retjuisito  to  clearly  nadetatand  that,  beeidoe  tbo 
m&t«nal  elements,  ener^  eDt«ra   into  the  constitution  of  all 
bodies ;  all  posseea  a  specific  quantity  of  what  we  kuow  oh  hf^X, 
and  aooording  to  tbo  mo/eottisr  theory,  the  atoms  ot  «\iit^  i^V 
snhriWMMFsra  mmpoud  am  lu  a  ouuataut  stoXa  oS  mVstti^X 


motioa ;  tho  amount  uf  tli»l  moUoii  governing  tlio  phjaiokl 
Ktato,  ail  itolid,  Ii>iui<l,  or  cutcouft,  und  aUo  tlie  ohemioal 
rolations ;  uwn  alliuitT  is  probably  a  niuction  of  theae  motions 
nnd  dopoiulmit  apou  tlte  waTe-IoDaths  of  the  Tibrations  proper 
to  oaou  olvmeot,  as  shown  hy  toe  Bpeotroeoope;  the  lew  tho 
motions  th«  neaiur  the  atoms  approocli,  and  the  greater  the 
uttriuitioii  they  exert  on  eaeh  other.  Hence  when  what  are 
called  higher  aginiltet  oome  into  action,  the  internal  motions 
are  diininiiilied ;  but  as  a  consequence,  this  motion  becomes 
external,  nctivu  and  sensible,  inalead  of  inlomal  or  Latent ;  and 
thus  it  in  that  everv  act  of  chemical  combination  sets  energy 
free  in  iiouie  form,  uaually  nx  heat,  wldle  every  act  of  chemical 
deoonipositioii  T^qnires  iho  supply  of  enerf^  to  re-establish  the 
interiMl  motions,  or  latent  forces,  or,  as  it  is  Oflually  exproesod, 
to  overcome  the  chemical  affinities.  Knergy,  latent  and  im- 
perceptiblp,  is  called  pnrmfi'alpiitfr^y  ;  vvhetl  external  and  scnsililo, 
a,H  niotion,  heat,  Ac.  it  is  called  kinelit  eiu^^y — and  the  two 
unilvrgn  constant  traiisfonnations  of  one  form  into  the  other. 

164.  Thus,  xino  in  dissolving  gives  off  hyilriigon  and  heat, 
while  forming  the  moro  satisGed  oompoUDil.  sulpliato  of  zinc. 
If  we  use  a  piece  of  irou  it  does  the  same,  though  more  atowly, 
but  if  we  use  oo])|''er  no  aui-b  action  occurs.  If  wo  place  in  tho 
same  sulphuric  acid^  cupper  and  luiio  separate  Irom  each  other, 
we  tw  gas  poaring  off  Ihe  idno  and  not  from  the  copper ;  but  if 
wo  permit  them  to  touch,  a  new  phenomenon  occars :  the  gas 
aiipcara  to  intna  ubtindanlly  front  the  copper,  instead  of  from 
the  7,iRc.  Still  if  wo  examine  tho  liquid  we  find  that  no  oopper 
is  disMohnng,  whilo  tho  xino  ia  diaaolviug  foster  than  before. 
InslMtd  of  allowini;  tho  two  metaU  to  touch  within  the 
liquid,  we  connect  them  by  a  wire,  and  we  lind  that  thia  wire 
iH  •uildonly  cntlowod  wiui  extraordinary  properties :  if  it 
approiichojt  n  niagnotio  needle  tho  earth's  directivo  power  is 
Mii{)cn(eded,  and  too  noedlo  no  longer  points  N.  and  8„  but 
twitds  to  pUoo  itaelf  aoroH  the  wire,  and  in  ditlbrent  directions, 
acoordiuK  im  it  is  above  or  below ;  if  the  wiiv  be  ooih<d  round  a 
piece  of  ir»n  it  endows  it  with  powerful  magnetic  properties', 
if  the  wii-o  W  cut  in  two,  and  its  ends  dipped  in  liquidH,  it 
produooH  chemical  changes  in  many  of  tboee;  lastly,  tno  wire 
lUolf  booomea  hot.  But  in  proportion  as  these  eSects  ar« 
developed,  so  does  tho  dissolving  atinc  gonorato  1«ra  and  I«m 
heat  in  the  liquid.  Uvro  wo  Itavu  tho  cxplaoatiun  of  the 
aonroee  of  thcw>  uxteruulnctiims;  there  is  no  creation  of  energy ; 
nothing  new  ocuunt,  exeept  that  under  the  new  conditions,  the 
otiergy  set  five  In-  the  combination  of  the  eiuo  produces  the 
Ml^i  wbivh  wo  call  electricity,  instead  ol  ^hat  taVted  h<iat  (jost 


Mm  it  wnN  awn  uoinire  willi  friction,  $  2}),  ami  is  cnpablo  of 
BuuiifiMtiDg  iUvlf  hy  iU  chemical,  nugnetlo,  or  i.iili>rilk  olluotd, 
Ibiu  fttmiahin^  tiu>  Uirou  natiirnt  diriBioos  of  iho  strnlj  of 
dyawaio  olectncitr. 

16;.  Thv  ootKlitiona  unilor  which  oobrgj  takes  tlua  funu  are 
thowi;  |ioiiit«l  out  in  j  3),  l>t)t  more  plainly  evidenoed.  Tlia 
fntMlanooUil  ncmilitidti  in  »  complclc  circuit  of  coiidiictinj^sub- 
•IftnoM;  and  wticru  c-livmiial  Action  is  the  sonrco,  part  uf  the 
drcuit  mu«t  Iw  aii  olocirolytoi  that  is,  a  li<)uid  whom  moleoulea 
wilt  nuilily  ajaninii:  thu  ouadition  of  polarity,  and  braak  nptnto 
two  dhttiuot  partK,  giving  up  omofg}'  io  tlio  act. 

In  our  cxpuriuiunt  llio  sino  uttnots  tbo  sulphiirio  raclioal. 
tnniM  the  bydivgun  half  of  thv  molvonlc  uway  fTOUi  itaolf,  and 
br  diiuiniahing  th«  inbamal  attractionit  of  tii'm  first  molooulv, 
duitarljH  tliocu.'  of  utlum,  if  thoru  bo  tbo  uliuio  providvl  along 
whiidi  tbo  turcv  cna  aot:  if  not,  tha  hydnigcn  tMoapoK.  and  tho 
bcAt  itt  at  onoo  net  troo.  Tbin  mii  he  traciud  by  tna  onlinary 
eheniical  symtioU.  Za  -f-  H,!jO,  fint  beoomea  ZA  +  SOtH^, 
tben  ZuSO,  •f-  Uf.  Tho  atotuH  of  Iiydrogen  are  now  what  is 
aUl«d  nateemt,  an<l  w»utd  iu.i|jintly  fonu  a  freo  tuolooulo, 
Uking  ap  antl  n'ndoriug  liitvDt  that  |iort.ioii  of  Diierg}-  neoea- 
>ary  to  convert  thorn  int^i  a  put;  tmt  bofuro  thi»  prooosa  i* 
outnplvtvd  they  ^n  in  a  OMtidition  of  grvat  .tctivity,  and  oagor 
for  csombinaliun ;  Using  surrounded  only  by  raolcculoa  tho 
nature  uf  whiuh  is  not  obanged  b^  tho  hydrogwii  (that  is 
bydrogvn  oom|Kiands),  tlto  duoompoattion  in  transmitlod  aloiiK 
m  obain  of  theae :  motooolo  a^r  moWido  ia  deootiipoaed,  anl 
tbo  hyilrogvn  is  not  act  froo  until  it  macho*  a  point  at  whioh 
it  ia  poworleMi  to«flix;ta  dooompotiitioa ;  thus,  in  tbo  oombiuatiou 
iimlar  examination,  it  rMchva  tlw  ooppor  plate  hoforo  it  Ikxiuiuvs 
tnm. 

i&S.  If,  at  thi«  [loint,  thoni  is  proctont  a  snbstanuu  whioh  will 
take  up  the  hydrogen,  with  loss  onorgy  than  ia  noedo<l  to  aot  it 
Ftm,  another  action  ooours;  each  a  sulialanco  ix  stilphato  of 
iMp[ier,  foitu  which  tho  hydrogon  displaces  thu  oo]ipor,  which 
fiiee  il»clf  in  turn  uj>on  tbo  snperfioial  molvculcii  uf  the  mutallio 
jiUte,  to  which  tbo  {wluixing  force  t«  tiunsferrvd,  and  from  it 
tmianiitlvd  to  the  oxtenMtl  oomluctor;  tbt.«a  two  pruocsaca 
fomish  tui  witli  a  natnral  division  of  batteriva  into:  (1 )  Thone 
in  which  tbo  hydrogen  gas  is  sot  frco :  {i)  those  in  which  tho 
liydrogon  di«pliwMS  boom  other  snbstanuu;  and  this  Utter  olaaa 
ooonals  u(  two  kinds,  thoso  in  which  one  liquid  futfila  all  tho 
reqoircmunta,  kuA  those  in  which  two  liqni<U  are  required,  kept 
apart  by  a  porom  partition. 

167.  Wo  oiiut  BOW  oxpI»in  some  t«raui  as  to  w^ticV  lWt«\a 


apt  to  he  wntnaicia,  A»  i\i6  action  coumeuoes  &t  tlio  Biirf&oo  <>r 
oontaot  of  zinc  Kiid  ucii),  thti  zinc  h  ouUed  tlii^  |}i»iitivit  7iu:ta2  or 
olomcnt :  the  urdor  of  poluiattion  in  tbv  Hiiuid  in  nuoli  Uiut  tliu 
{Kwitive  or  +  cuds  ot  thfl  moleoul(«  turn  fr&m  thu  zinc,  iind 
t)io  nt'gntive  ends,  wMoh  «Te  the  udd  radioaU,  turn  Imeard*  it. 
Thia  com^qiondlB  with  the  tenOB  of  static  oleotrioity,  iind  nlinivs 
tliu  wirtt  tending  from  the  kIdo  pUt»  and  odled  it*  poU,  in  tliu 
sante  olectrioil  Dondilion  as  tlie  rubber  of  a  gloiw  vluctrioal 
innuluDu  —  or  ue-^ativo.  The  auliim  jHuuiing  throiiuh  t)io 
liquid  to  thd  copper  or  other  (lulUt-'titig  pluto  [loUnzciH  itn 
inotooiit(«  witli  tliuir  —  emts  lo  tho  liijiiiil,  and  thrir  +  or 
|ioaitivo  ondu  tovriLrdu  its  wire.  Hcngu  wu  liuva  iko  xioo,  tJio 
poiaitivo  mftal,  plate,  or  clemtnt,  liut  it»  wiro,  the  nogatiro  or 
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—  pola ;  tlio  copper  is  the  nogntivo  flats  or  mvlal,  but  the  wire 
proooodiDg  from  it  tho  positive  or  •{-  pole.  Fig.  ^4  shon'a  Him, 
and  explains  one  cycle  of  thu  reactions. 

Lino  I  exhibits  tho  armngcmtnt  buforc  action,  the  molecules 
indifforvnl,  tho  el^adod  pnrt  ropruwrnting  tlio  -f  >  metallic,  or 
basic  clement  or  half;  the  whito  bring  the  —  or  acid  half  In 
line  3  we  SCO  the  raolccnlc-s  poluriy.iil  iimlcr  tlio  attraction  of  the 
uuc:  inline  j  this  whole  chaiii  bicalcM  up,  one  atom  of  slue 
disBolvinK.  and  forming  a  molecule  of  xinu  anlpliate;  at  the 
Other  end  of  (ho  chain,  tlie  two  atoms  of  hydrogen  set  fno 
satisfy  each  other's  attraotions,  andfurm  a  molecule  of  hydrogen 
gag.  Then  tho  action  is  repeated,  tlit-  moleoutca  inakini;  a  semi- 
tvrolatiua,  and  rcnumittg  the  poaiUou  of  line  j.    It  will  bo  seon 
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thai  this  Tiev  of  the  aotioii  inrolvw  two  aotKau  bI  each  Btsge,j 
first  the  Mmi-nrolQtioQ  of  tUo  molecaloson  their  ucea;  and, 
auoondlr,  tlie  oTorooming  the  chemical  allraction  within  the 
moleonles;  this  latter  aUo  involve*  two  sopatate  actione ;  the 
actual  disropiion,  whicb  occurs  only  a«  to  oro  nioleculo  of  the 
chain  sod  the  temporary  i]ifiru|ttioti  and  rcronning  of  all  the 
other  molecnlex  in  each  chain.  Thnta  various  actions  cause 
the  Eternal  rceiatanoe  of  batteriw,  whilo  tho  onerjry  given  np 
dnrlDg  the  intcrohange  of  aiuc  fur  hydrugvn  in  salpliurio  acid 
in  the  source  of  the  electrofuotiro  forov. 

1^6.  We  are  iLns  led  to  tho  tbree  ftuidatiienbil  expreasioiiB 
used  it)  Ohiu*e  forinulie,  rit,  elcctTomotive  force,  reaialanoe,  and 
oiimiit.  It  is  afou  a  dear  iind«ntuidi&g  of  theeo,  in  a  per- 
fectly definite  form,  in  nlaco  of  tho  oonfiisioa  of  tiie  old 
vague  tenas  "  quantity  and  intonaily,"  tliat  sound  and  coono- 
mica]  working  muet  bo  basoit.  I'he  I^U  explanation  of  these 
tanus  must  be  etudictl  in  tho  chapters  devotod  to  caob  of  them  ; 
bat  a  sUght  definiriou  is  ReccsMary  for  present  purpouM. 

169.  OirtvHt  is  Iheral^iof  electric  action,  or,  itabjcct  to  tlui 
ezplauationa  of  i  67.  it  may  be,  and  commonly  is  dctKribvd  as  1 
the  fNOMii'ly  of  electricity  traniimitted  in  unit  lime,  jiist  as  with 
a  ciirrvnt  of  water.  It  is  measurable  by  its  electric  actions, 
which  within  oertain  limits  are  pmportiouni  to  the  rate  of 
carrent  flow;  this  enables  currents  to  bo  practically  soon  and 
measured  by  tbeir  action  on  the  magnetic  needle  in  gaivano- 
iirfrrr  Bat  from  the  theoretical  point  of  view,  tt>at  is,  to  enable 
th«  prinotplea  of  action  to  be  clearly  undcntood,  tho  moasure- 
mcot  by  onamioal  action  is  the  most  important. 

The  anantity  of  electiicily,  or  the  rate  of  cummt,  is  exactly 
proportionate  to  the  quantity  of  xisc  dissolved  in  out  etit,  aud 
to  ila  rate  of  conaumptioii :  and  in  every  cell  in  a  oircttit  there 
will  be  chemical  aotiou  e<qniralent  to  that  of  the  one  cell  btkenas 
the  unit.  This  is  measured  iu  totlaneUn  which  mHow  either 
tb»  qtiantiiy  of  a  gas  set  free,  or  the  weight  of  a  metal  deposited 
ordiWulveX  Thus  in  a  Uauioll  cell,  for  every  33*6  grains  of 
tioo  ouuHUiued  31*7;  );rabs  of  (topper  would  be  deposited,  aud 
if  the  airreul  wt-re  pHseed  through  a  silver  solution  and  a  gu 
Toltameter,  loi  miaa  of  silver  would  be  dopodtod  and  I  gntin 
of  bydfi^n  pmauc^  :  to  with  all  the  tnntoriiilH,  as  acitU  or 
Bolla,  t^ittilenl  qaantitic«  would  have  to  bo  provided. 

170.  Current  is  symbolised  by  C  and  its  unit  is  tho  Awpbpb. 
bat  tbia  is  an  artificial  unit  related  to  onArgy  and  magnetic 
effwts  In  a  seoond  of  tiaie.    At  prc«ent  a  more  natural  unit 
relftted  tochemical  action  will  ranroy  the  priD(np\i>a  vuMAtts^ 
mndlt  mcuv  oleu-Zj'.     Tho  atomio  and  equivalent   <k»\%W  ol 
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HubtttnncoB  Rro  paroly  rolotivo,  tlioy  may  bo  j^ntiiis  or  toiu :  but 
if  w«  tiiko  for  tnctn  ti  fimil  vuliio  ixnil  Htart  willi  (mo  gimiii  of 
hyctnigiMi  wo  hnvo  tho  moatuurfvct  unit  of  uhiTmiual  itiiil  uloctrio 
(lUBntity,  as  that  which  oQoct*  onooqitivaW-iit  of  turtioti.  Ti> 
convert  this  iato  "wnnvat"  tiinc  hut  U>  l>u  tukmii  intu  ucry>imt, 
luid  for  coiivonionoo  of  cnlculiitioii  1  t(ik<.<  tun  hbiirw.  Th<,'D  wu 
mi'iutgrv  t-lcctriu  oiirruntt  bv  I  grahx  nT  hytirogon,  or  t-ijuiva- 
Iciit  iiction  in  tvii  hi'uri^  Thin  iiuil.,  fi'nui  its  auurutt  1  ciill  ii 
"ekenict"  iiud  throughout  tliio uhBijtvr  the  chumio  will  hv  what 
U  niCAot  l>y  a  nnll  at  curronl,  whu«  the  term  utiil  of  any  ttuh- 
Btimi^  inou-UH  t!i»  (inaDtity  utiuivalcnt  to  ihin  ountiut.  Tbu 
auipL-re  (whiuh  iiorrcHj)uiidii  to  about  gr«miiio  0-0000104,  ^^  5> 
or  about  gnia  ■000161  of  hrdrogen  per  ecooud,  and  tlieriTurev 
JH  not  coDveDient  as  aa  equiralont  basis)  oorr^itiiuuds  tu  about 
5 '68  oheinios. 

171.  Reritlaiice,  ajn>boliitL'd  hy  R,  ia  an  exiiroeaion  of  the 
ooDoitious  of  tho  oirvuit,  ita  capacity  to  trausmit  current,  ui<l 
the  work  expeodod  in  doiug  so.  It  is  to  be  oont>idor>.>d  iu  two 
portions:  (1)  inlernal,  dao  tu  niio  of  platos,  conducUD^;  power 
of  Bolu^ons aud  porous  coils;  (2)  txtenal,  dno  to  tlte  nature  of 
tho  material  of  tho  oouduotor,  and  the  work  duing.  Work  is 
boBt  done  when  thew  two  ate  initial.  But  internal  resiBtonce  is 
oiimjiarahle  to  eogine  friction,  it  iti  waste  :  Uierufore  the  greater 
tho  extamsl  resiAtanue  oomparMl  tu  tho  inteniivl  the  l^as  Iho 
oxMDse  of  workiug. 

The  unit  of  rosiatanc<>  ia  the  ohm,  and  may  be  oonocived  as 
reproBonlod  by  a  wire  of  ^)uro  copper  -oi  inch  diameter,  10  f^t 
long,  (tnd  weighing  2  grains  per  foot. 

173.  Elcctnmeaiov  f</ree,  shortly  written  KMF  and  sym- 
hoUiwO  by  H  in  formulsi,  mcasTiros  tho  generative  power  iu 
tcrnisof  potential,  $  93  p.  54,  that  is  of  the  capsoity  to  generate 
ourront,  or  of  tho  capacity  to  overcome  reeistsnoe.  It  deponds 
vntirviy  upon  the"  intrinsic  energy  "  setft^eby  ettckoqniv&lent 
nuting  (chemically,  and  charged  upon  the  itiolecular  conducting 
ohaiu  wbicJi  transmiis  the  action.  The  unit  KMF  is  called 
tho  volt,  and  i^  &  little  letis  than  tho  force  of  a  Daniell  cell, 
which  i»  volt  I'oig. 

K 

17).  Ohm'a  formila  0  ^t- rvprvoeiita  tho  relations,  and  show" 

that  the  current  is  proiiurtional,  dirvKiUy  to  tho  KMF  and 
inveieely  to  the  rifHiatanco,  so  that  either  two  being  known,  tho 
other  can  be  calcutntvtl  by  the  systeuaor  rulntiitl  uihIh  :  Ihiin  iho 
E  M  F  in  volts  divided  by  the  B  in  ohms  eivei*  Uiu  curix-iit  in 
Ma/tores.  Jt,  ill  a  kIvou  circuit  we  doiible  the  E  M  F,  tho 
oarrvat  viJi  be  doiMod :  if  we  double  the  tesist&uce,as  by  adding 
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wire,  tbe  onirent  will  he  halved.  But  wo  altoald  not  tloablo  i 
the  oomnt,  b;  donlilius  die  namlwr  or  ivlU  in  Mnea,  thon^  J 
thkt  mmld  <lonbl«  tbe  £  31 F.  lumiuli  ■  omo  w«  Bbmlil  ■So] 
hm-n  inonwed  the  reaiBtatuse  bjr  tho  intumal  r««sla»ce  gf  tho  i 
«dd«d  0(^1)1 :  if  lliu  extoroal  redstfttioe  vrtn  iniKll,  tbo  eorraiit  | 
voold  ftcftrcvlr  bo  tklUrad,  becanaB  it  u  the  toUl  mutaoce  of 
the  circuit  nliivli  in  to  be  oonaidereO,  knd  whun  the  exlnnial 
nsiatance  ht  amalt,  this  mUttanoe  is  dcatI;  kU  intemAl. 

Eleotjomotive  foriM  iit  gained  hj  luing  oella  of  gn»lar  foroe 
or  hj  Mitiuectiiig  oelU  iu  "Beriee,'*  that  is+  — .+  — .  whidi 
also  «4iJa  tbuir  retuataaoea,  and  tlie  E  U  F  of  a  circ-uit  in  Uh>  ram 
uf  all  tmoai  thos  added,  which  uav  be  Uiceo  of  variooa  kinda  of 
cella. 

latonal  re&»tanoe  ia  re<dared  hj  aaag  pUla  of  largo  Hie  or  , 

b^  ooapliog  oella  togetlier  +  +  and .  and   then  to  the  I 

oirenlt  »o  ba  to  act  as  otio  cell.     DifTerent  kinds  of  cella  maul 
never  be  ooupled  iu  tbia  inauuer,  tUouj^h  tht-y  may  be  joined  in 
•erite  proviited  their  internal  leaiatance,  or  capaci^  to  tranamit 
,     (not  genantte)  onrrent  ia  nearly  eqnaL 

^K  174.  5tM  o/wU«  or  pioto*  baa  nothing  to  Hu  vrith  tbo  EHF. 
^^fetodenta  are  often  ptmded  oTer  this,  but  a  simple  expeiimviit 
^^bill  fix  it  in  the  mind.  Take  a  piece  of  copper  and  oat  a  [rii-ou  <iT  1 
^^tevenl  aunare  iaohes,  and  alao  a  atrip  like  a  thin  wire ;  do  tliu 
Mine  with  a  piece  of  abeet  xiuc ;  attach  the  ooppete  and  zinoi  to 
wires  aod  wrap  the  Eincs,  after  amalgamating  them,  io  aeveiml 
folds  of  blotting  paper.    Connect  the  wins  to  the  terminals  of  | 
a  galvanometer  and  dip  the  large  pair  into  a  veseel  of  dilute 
aod  ;  a  deAeotton  will  occur,  nhifh  iciU  myidis  lUntinith  :  oonneot 
the  small  pair  and  Dote  bow  much  smaller  tbo  deflection,  which 
aUo  will   diminish  even  more  qoickly.    Hem  we  have  different 
qnantitiee  w  cQTn>nlB  arising  from  the  same  cb«niical  aution, 
bwrnnse  the  larger  earfacee  enable  a  greater  ntttnW  of  equivalent  I 
actions  to  ooonr :  this  is  called  a  difforenoe  of  ittUnal  itti»lanee. 
The  diminntion  of  the  deflection  is  dne  to  wbat  is  uiiaciUled 
"  polarizalkD,"  the  ooating  of  the  copper  plate  with  hydrogen, 
which  generalea  an  opposing  B  M  F  and  so  reduces  tbv  active 
furc«  available  lo  ptodooe  current.     Now  dip  the  plates  into  a 
strung  sotatioD  of  snlpbate  of  copper :  the  deflections  will  lie 
prMwrtionatel)' affeot«d  as  boforo  by  the  size,  but  (1)  they  will  i 
botb  be  greater,  and  (a)  they  will  remain  steady.     TbeEUF  ' 
iajreattr  in  ihtt  COW  by  exactly  the  diffNeuco  in  the  energy 
alMoibed   from  the  chemical    action  by  the   setting   free  uf 
hrdrogeD  or  copper,  §  16;.     Also  as  iImi  ocmier  plate  is  not  1 
altered  by  the  coating  of  copper,  as  it  is  by  Uial  ot  ^^ijixo^gen^ 
tJMuv  iiao  '■pt>Jiiru!dtioB  "  or  couDter  EU.F  gWHjWiteA. 
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Now  join  I'^ptbur  t!l(^  wires  from  thn  two  coni«m,  connect 
thoHu  fruui  t.lir'  xinL-H  to  thn  j^lvftnomutur,  und  pliioe  tlin  plutoa 
iu  Kiilphate  of  copper  iia  l)i*finis ;  no  defii-dion  whatever  will  be  u-.en. 
Tko  two  ttotiona  ar<*  ojipoMtnl :  thut  on  the  ^nuitl  pliitos  acts  an 
a  counter  EllF  to  that  un  Iht^  hirgo  plaice,  ani]  tlie  strona  each 
oon  set  upon  the  circuit  lieiiij;  equal,  mt  ctirreut  is  goneruted  : 
tho  coutlition  is  ii(im<itUiU)^  like  "  conseqnont  poleH  "  in  mag- 
uetiaiu,  S  ■  $5,  or  the  hydronttktic  purailox,  in  whiuh  a  largo  boify 
of  vrator  In,  taty  an  opuu  coalc,  in  lialanoucl  by  a  cuhimu  of  vqunl 
hei|!;ht  lu  »  amall  tuhe  cuuiiectod  to  it. 

Ifuowouupair  uf  plateit  in  vranhtHl  and  placed  in  the  acid 
while  the  oth«r  remains  in  the  nulpliatn  of  copper  thoy  no 
longorbaliince,  but  udefli-otioti  will  t)»ol<Utinodourt«tiponding  to 
the  difler«noe  of  ihe  twu  forc«M.  Th<'  twu  pairs  will  not  baUnoi.\ 
each  other  it'  both  are  placed  in  acid,  Ijccaune  all.hough  thoy 
generate  equal  EMF  at  the  xincs,  yet  tlie  diff'arenoo  in  the 
areaaof  the  copper  plates  will  renult  iu  a  differeut  degree  of 
counter  EMF  Bet  up  by  the  nascent  h^drojien, 

175.  It  will  bo  e^en  that  a  unit  of  zinc,  in  diaaolviug,  muat 
always  give  the  same  quantilij  (or  current  X  time)  no  niatber 
what  form  of  ct>ll  it  is  oouaiimed  in.  But  it  may  give  voiy 
different  earmntt  (quantity  -r  time)  and  very  differettt  EMF 
aooording  4»  the  natiirc  of  tlio  ohumicul  actiiMi,  for  instance,  a 
Daniell  evil  givca  ncMirty  1  volt  while  a  chromic  acid  cell  givw 
neitrly  2  volta,  oue  unit  of  xino  diiH)<.dved  in  thceo  would  givn  a 
voltamoirie  deposit  of  copper  exactly  c(iual  from  each  odl,  but 
tho  stronger  would  give  it  in  half  Ui')  time.  Or  as  the  Inoreaaxid 
Fi  M  F  would  enaldu  a  greater  reHiMtaiico  to  Iw  overcome,  a 
Roconil  copper  cull  niight  be  included  in  tho  circuit  und  a  doublo 
quantity  ni  cupper  actually  depoHite*!  by  tlie  one  unit  of  sine. 

176.  Thiaagreea,  however,  wiUi  the  law  of  vquivaleut  uotion, 
M  Mch  gnlvaiiieccU  miuit  bv  n^gardml,  for  some  rctUKius,  simply 
AH  B  seotioo  of  the  cunduetor  oonvnying  the  correut;  and  the 
first  Utr  of  tliv  circniit  in  that  th«  "quantity,"  and  current  are 
'■qual  at  every  part  of  tlic  circuit  and  thc-reforo  these  can  do  the 
same,  or  eiinivaleDt  work  at  every  Moction,  |)roTided  the  E  U  F 
or  K,  permit  the  ncoctwury  cnmnt  to  ho  inuntained. 

177.  In  applying  these  thcorotical  priuoiplca  it  must  bo 
romomborcd  that  electrical  operatioos,  like  meoBanioal  osoe,  ooa- 
eist  of  two  distinct  parts:  (1)  the  generation  or  oolleotioD  of 
energy  fixim  some  souroo  ;  (1)  the  application  of  lltat  energy  to 
effect  the  desired  purpose,  and  this  latter  is  divisible  into  two 
parts  ;  that  is  to  say,  the  conveying  the  vnerg^'  to  its  work,  in 

iriiieb  pn/c^ss  it  is  partinlly  espeuded,  and  uoing  tbo  actual 
fvrt.    So  the  vrotk  wo  hare  to  do  what  vt  nA^-,  u\iw  uulversal 
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Iftvr  governs  all ;  wo  must  expend,  in  doing  it,  onorfjj-  e«toivali>iit 
ti)  tho  iTork,  ftDil  all  the  (iponttk)iLB  invideiilal  to  it;  under  no 
eircniBBtaooe  will  tb«  work  do,  or  help  to  do,  itsel/;  tiiU  raftTI 
•eem  ft  mere  ImiAin,  ;et  the  want  of  uuderitaDdiiig  it  ooatA  UiiaT 
ooimtry  many  thonBauds  every  year.  Economy,  that  is  traepiMyJ 
Itrat  working,  oonsiHlA  in  obtaining  the  necessary  eoericy  Kt  tbft 
li,>we«t   nwt,  and   in  avoiding  all  loss   in   applying  it   wheD 
obtain«d. 

Thoa,  in  onltnary  mechanics,  it  is  nrcoNwry  to  select  tho 
clioapeet  fnel,  the  bc«t  fiirnaoea  and  boilers,  then  to  avoid  loM 
of  heat  in  the  steampipes,  or  nnduo  friction  in  tho  engine  and 
oonnected  machinery :  at  every  stage  there  if  room  for  a  wiM 
nndentanding  of  principles,  an<)  a  dnc  application  of  tbem. 
Elactncal operations  are  pvrfoctly  analogous  and  mqiiire  aimiUr 
Kttftntion.  The  battery,  or  other  motor.  r<.-pr(!iwnt8  the  boiler 
with  its  fWl,  the  ondiicting  wires  roplaoo  tho  atcam  pipea,  and 
tile  work  to  be  done,  and  appuratna  for  doing  it,  arv  the  analogue 
(if  lh«  engine  and  the  machinery  it  may  drive ;  while  tho  steam 
itself,  with  ita  capacity  for  bearing  prOMuro,  and  thus  oou- 
Tvying  the  cneiey  derived  from  tAo  combustion  of  the  ftial, 
■troBgly  resembKs  the  eleclrio  "current,"  with  the  variotu 
toBsions  wliich  set  it  up  and  give  it  powor. 

That  fi>TTD  of  battery  shonld  be  seloclod  which  beat  sulta  tlut 
work  to  be  done ;  for  none  is  perfect,  or  eqtially  fit  for  all  work. 
A  peri^rct  cell  wtmld  be  one  which  wonld  cuntain  a  large  qaan< 
ttty  of  material  in  small  Bpac«;  would  generate  high  eleetro- 
ntotjve  forcn :  wonld  not  alter  its  properties  duHitg  vrotk ; 
would  have  small  internal  resist* ncv  ;  an<l  would  act  ohemioally 
only  while  its  elrctno  circuit  is  clowxl.  These  qualities  roaolva 
t)i<'mM>lTi«  into  eapanlg/ar  teork  and  eotulaiKif. 

17B.  Gipaeilg  /or  wrie  depoRdx  on  two  conditions:  (1)  tho 
amount  of  active  materials  oontiiincd  in  tho  cells,  to  whiob  la 
related  "quantity"  or  " current "j  (j)  iho  energy  li)«ratMl 
by   tho    action,  {  158,  on  which  depends  the  electromotive 

Tho  firat  of  thctw  i»  oonlrollcd  by  the  tizo  of  the  cells,  and 
by  the  sulubiltty  of  the  niut^iriala  employed ;  cells  are  f^ 
qnently  n»c<l  which  aru  too  iimall,  and  litUo  regard  la  paid  in 
proportioning  tbnn  to  tiieir  work ;  this  is  no  doubt  due  chiefly 
to  m  want  of  consideiHttnn  of  oaiuto  and  etfoet.  It  is  impoasiblo 
for  a  nuall  ivll  to  work  rCKulnrly,  bcoauae  tho  liquid  rapidly 
changes  its  nuttirv.  In  double  liquid  eella  oaro  aboiild  be  tnkeu 
that  tlio  two  ore  no  proportioned  us  to  contain  the  equivalent 
quantitios  of  tho  liqtmtii  nvyuired  for  thu  woik,  BO  OMit\.  Tma^ht 
i>  wa*l«J.-  Mwelimea  oxcam  of  one  is  uoccasary  V)  l\i6  c»«iiu\*iWs 


or  economical  ii§e  of  tke  oUier,  iu  vrbiob  case  the  exoeas  shaald 
be  of  the  Wat  coatly. 

179.  Ouuemlly  tbe  eleaieiita  aro  bent  in  the  form  of  flat 
pUt«s,  but  ill  many  oblbi  tbey  art;  c^'liudora ;  aud  then  the 
qneetiou  arises,  which  should  be  the  outer  one,  the  sine  or  the 
negative?  This  iguestioii  may  be  put  in  anotber  form:  if  tbe 
plated  dilfor  iu  Hire,  which  sboulJ  be  the  laiRest?  There  are 
two  good  reasons  why  llie  negative  utetalu  ehould  bo  largfvt. 
fi)  Tbe  ainc  in  subject  to  local  action,  j  l8j,  which  contributes 
nothiiig  to  the  work.  Iboreforo  ila  surface  sootild  be  liiiiiled  to 
the  area  u«eded  to  luaintain  the  desired  current.  (1)  The 
negative  plate  is  sobject  to  "  polarizatioD,"  and  eboala  there- 
fore he  as  largo  m  poEwible.  S  IM-  After  a  great  many  trials, 
I  hare  come  to  the  conclusion  tbat  the  beet  arrangement  is  to 
fix  the  negative  element  as  a  cylinder,  in  the  middle  of  which 
the  xinc  can  be  sm^Modcd. 

I  So.  CoTittaneg  meanB.  that  having  once  sot  up  a  fcattMy 
unditr  certain  circtimstaacei,  giving  a  certain  carront,  then  that 
ouncnt  shall  be  stcadilv  maintained  till  the  niatvrialit  of  tfao 
battery  are  <xhaU6ted.  Ofcnurao,  the  oondition»  awaaio  tliattho 
eztcnial  resistance  romniiis  unchanged ;  therefore,  tDcoufltancy, 
or  flucluatiou  of  cnrr«Dt.  may  arise  from  variation  in  either  tbo 
force  generated,  or  in  tbe  intornat  rtsistauce  of  tho  battery. 
The  latter  cbange  occurs  to  some  extent  in  all  colls  from  tho 
fortnation  of  sulphate  of  xino.  and  tho  former  occun  in  moat  in 
conspquonoo  of  so  called  "  polarization,"  S  1 7J. 

A  battery  which  would  at  all  times,  and  Hoaor  all  variations  of 
external  work,  generate  a  unifurni  electromotive  forco  wo<nld  be 
iuvnluablo;  but  none  such  exist.  The  Daniell,  J  30;,  ia  the 
nean'st  approach  to  it,  and  the  Grove,  i  Ii6,  tbo  next. 

Duration  is  quite  distinct  from  constanoy ;  it  dejiondii  ontiroly 
i>n  tho  cell  containinz  nintoriola  cnongh  to  oontiuue  working 
tho  reqninid  period ;  taia  ia  a  function  mainly  of  aize  of  ooll,  as 
rulntod  to  thoroquirod  work,  na explained  {176. 

181.  Densitj/ v/ furrcut. — This  roeana  the  quantity  ofourrout 
rulat«d  to  thoHiirfaco  av'-a  of  aoonduoler,  KUch  aa  tho  iilrttusufa 
cell.  Theoretical ly,  curront  is  proportiDniil  to  £  M  F,  nul  every 
reaction  hoa  a  particular  mto  beyond  wliicih  it  cannot  be  pri-uM^ 
without  introducing  nuw  conditions.  ThuH^tUe  rate  at  which 
zinc  can  he  consumed  in  arid  will  depend  upon  tbo  strencth  of 
tho  acid,  and  tins  dcpiiiiit  of  eopi)er  can  only  proceetl  at  suoh  a. 
rate  aa  tin;  diflftiKitm  of  the  liquid  will  bring  fresh  copjwr  salt  to 
replace  that  which  ia  Teduccn :  no  with  every  action  there  in  a 
maximum  rait?  of  proper  working,  and  if  an  external  KMF, 
firaii  Ml  that  of  othor  oelld  in  0  bftlliivy,  pniMos  the  action 
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beyoad  Ihia  limit,  k  connUir  E  M  F  rmiittii :  thfrufifro  no  oell 
can  •dTKiiUgooiiiitj  form  pari  of  m  uirniit  tranHiuittin^  a  larger 
onrmnt  Utait  tlie  ovll  would  itnnlf  gi^n<:nit<-  uu  «i»rf  eirtnil,  tukt 
ia  witli  ni'  vsUmnl  dictiit ;  an<l  thu  inut>t  iulvitnl»gn)iia  vurrettt 
a  coll  can  lie  vnllcxl  upiin  to  produce  tit  Itulf  uf  ittt  short  drotiit 
power.    Scv  rI«o  i  iji- 

183.  Zixc— TW  iH  pntdicolly  tho  only  ponitiro  lactal  em- 
pl(jiy<--l ;  iitin  i.i  tionictiincs  rcoomiiM-iiilt'd  hy  tliuae  who  do  not    M 
iiii'i''r*t»iid  wliat  in  truo  «0(inoiny,  liut  its  E  M  F  IB  outy  two-    f 
:'  -    it  of  Eini-.  Ko  that  itH  tuH!  ihvoUmi  extra  c^•ll!l  iu  that 

I  v.,  ■ml  wMtd  of  lti(!  I'lK'iuioulii,  wliiolt  usually  c>bI  nior«, 

ji«(  null  of  cun>;nt,  thuD  tlu>  nnc. 

Ciui  iitif  i»  not  Ko  co»d  u  nillwl,  it  iit  hard  to  amalganuite, 
aotl  liAa  ti-Kx  uK-t<trontotivo  iHiwL-r,  but  for  ruda  for  iiae  in  porous 
{■n,  auil  jKiiticululy  with  walinti  ixdutious,  ca«t  uuc  is 
(^imiu(iu)y  umhI.  Iti  this  caiw,  o«re  nhould  be  taken  (o  use  good  ■ 
Eiuo  ctitliugM.  removing  any  soldor,  and  tuaiifi  a  littlo  nitre  a«  a  1 
Suv,  wtiioh  will  remove  a  portion  of  the  foreign  metnU.  It  ia 
nrvlt.  at)K>,  to  uuke  the  thiokneas  greater  towards  the  bottom, 
and  in  canting,  to  ad*!  a  litUe  merouiy  to  tlio  motal  just  before 
ptitiriug. 

It   ia  Mtatcd  lliat  rjno  alloyed  with  11  little  tin,  lead,  and 
antimony,  workK  bettor  than  pnro  unv,  but  it  seeniH  improbable. 

JtolUd  the^l  tine,  from  ona-dst«enth  to  a  quarter-inch  thick, 
■ailablv  for  cyUnd<;ni  and  plutea,  ooets  about  4<f.  per  poosd.   m 
Tho  limpUat  wi>y  to  cut  it  to  xive  is  toaoratoh  a  groove  with  a  ■ 
■ImI  point,  moh  aa  a  bradawl ;  mo  6rat  add  aolntion.  and  then  I 
neroury  along  thia  groove,  and  allow  it  to  peuetrate:   thon  f 
n>peat  the  pruoesa  o»  tho  other  tdde,  when  the  metat  ia  oasilv 
Imken :  it  may  abo  be  cut  with  a  handaaw.    Zino  aoft«na  wita 
niodi'Mtu  huot,  bo  tliat  hani  aud  brittle  oh  the  metal  ia.  it  can    M 
L-auly  be  bout  up  intnamaU  cyliudunsifheld  in  front  of  a  good    1 
firr  till  too  hut  to  handle  with  the  naked  band,  and  then  bent 
ruuud  a  piew  of  wood  or  metal. 

Aa  the  liuc  ia  eaten  au-uv  at  the  surface  tine  of  tho  li<)uid,  it 
ia  well  to  coflit  that  jiarl  with  a  Tartiiuh,  or  paraffin  wax. 

18).  Local  attion.  Zino  in  acid  ia  conanmed  in  two  way*  as 
■howu,  S  1^1.  It  ia  only  tliat  action  which  aondatho  hydrogen 
to  the  ocjjative  plate  which  ia  uaofal,  a»  supplying  Rll  F;  any 
gas  given  off  at  the  xiuo  is  wasteful  couaumption,  but  it  cannot 
|j«  wlwlly  avoided.  Pure  sino  is,  however,  very  slightly  aoted 
on,  esoept  whon  the  oondnoting  circuit  is  closed,  wliilo  ordinary 
liuo  is  oontinnoualy  diasolved.  This  diflerKtKin  la  unually 
■ttribtited  to  tho  premmne  of  Jorcign  luetala  «uUu\ig  viy  \\VV\« 
h-ewJ  tanm/u:  imd,  tiwnfore,  thia  wastu  ftcUon  i»  c*\\<A"  VksA. 


L 


action.'*  It  wafiduioovored  1>j-  Sturgeon  that  oommon  e^^j,  •■  u«u 
AtDklgamatoU  vritli  mercury,  U  not  mo^  Mied  on,  aud  this 
seems  %o  T«ud«r  lliU  L-x|ilan*tioii  ■omowbat  doobtfal.  However 
ft  well-sualgattuitixl  i)iat«  is  tMrMly  aet«d  on  in  dilute  snl- 
phorio  acid,  bnt  tho  pnataee  of  nitrio  acid,  or  metallic  salts, 
doM  away  with  the  protectiuu,  wlticli  a])]>ears  to  de{iend  cliiefl^ 
on  the  adhesioa  of  a  film  of  hy(lro|;eu  gaa  to  the  eiirfara,  wMcI! 
proveiila  god taot  with  the  U<|uid.  ^Vlien  the  circuit  ia  uloaed 
the  hydrogen  is  tratuiferred  to  the  ncKative  plate,  and  the 
protection  is  removed.  Awalgamatioa  also  rmoers  the  zinc  a 
bott«r  source  oF  eleetridty,  as  it  is  more  positive  than  ordinary 
ntelal.  I^inc  should  alwaj-s  be  well  amalf^ainaled  for  use  in 
cells  with  acido;  bat  it  Is  of  teas  ooDaeqaence  in  presence  of 
saline  sxlutions. 

184.  AM4i.a*MArio».— Care  should  be  taken  to  nse  only  pure 
mercury;  much  of  that  sold  contains  lead  aud  tio,  which  are 
miscbioTous.  Tlie  raeronry  should  be  kept  for  some  time  in  a 
liottlc,  with  dilute  nitrio  and  over  it  aud  occasionally  shAhen 
tip.  To  amalgamatv  zino,  wash  it  first  with  strong  soda,  to 
remove  grease  ;  then  dip  it  iu  a  veasel  of  water  containing  one- 
tenth  of  snlpburio  acid,  and  as  looa  u  atronff  action  takes  place 
transfer  it  to  a  dish  (auch  ua  a  aoup  plat«) :  poor  mercury  orer 
it,  and  rub  it  well  till  a  hrijcht  ailver-Uke  film  forms  1  then  sot 
it  np  on  ect^  to  drain,  and  before  use  rub  off  any  ijIobuloB 
which  are  set  fme.  Whenever  the  cino  shows  a  );rey  eranidor 
surface  (or  rather  before  thia)  brush  it  well  and  reamalgamate. 
ramombering  that  saving  of  mercury  is  no  ecoDomy,  and  free 
nse  of  it  no  wuBta — for  it  may  all  be  recovered  with  a  little  care. 
Keep  a  convenient  aiee  vessel  solely  for  washing  einca  in, 
and  bni'h  into  this  a  dirty  ^ey  ]xiwder  which  forma  and 
is  an  amalgam  of  mercury  with  iiinc,  lead,  tin,  Ac.,  and  formH 
ron^hnesaea  whi<di  reduce  Uie  protection  of  amalgamation. 
This  washing  ahonld  be  done  whenever  a  plate  is  removed,  and 
ni'TCT  less  than  onoea  day  if  in  reKutar  use;  the  fibro  bnishes 
sold  at  id.  and  41I,  as  ooaiiie  nail-hrudhes  are  excellent  for  these 
purpoees,  bnt  of  ooorae  must  not  bo  left  soaking  with  acids. 
Lot  the  powder  collect  for  a  timo  and  then  transfer  it  to  a 
bottle,  in  which  wash  it  withsnlpliurio  acid  Unit, and  then  with 
dilute  nitric  aoidi  and  yon  will  recover  Iho  mercury :  or  tho 
dried  powder  may  bo  mixed  with  a  little  salt  and  distilled  over 
from  an  iron  retort  into  water. 

165.  Ptmutnent  ataalgamalion  ma^  bo  maiulaincd  by  attaching 

a  small  shoo  of  gntta-perdta,  oontaining  mercury,  bo  the  foot  of 

/Ae  Mioa  phto :  the  meroniy  oontinoalTy  creeps  up  the  surface 

iopt  olvtta  by  the  a«liou.    This  plan  though  commonly  naed 


suLramo  iov. 

y^ry  luiltiy  jroara  Afft,  hu  b«cn  r»-uivctitc<l  of  Into,  and  cailled  hy 
6«v.nt]  inveiitors*  naniea. 

ZtncntU  ■«!«  AdUmm  while  diatolving,  and  it  ugoodeoonomy. 
Uf  filL  tb«m  up.  when  clwning.  with  «n  amalgam  oonUining  tui 
much  lino  u  poBBJble,  well  I'oroad  in. 

i86.  Sulfiiubk;  Acid. — This  is  Dio  most  importitut  excitant 
nwd  in  ordinary  batt«ri<i8.  Bo«l  0.  V.(oil  of  viinol)ha8SSpeoifia 
grai,-Ur  nf  I '845,and  oontainB  about  99  por  conl.  of  the  Iroe 
M-id  itljSO,);  It  isof  AcleAroqIniir,  Knd  hiwnn  oilyappeanUMW) 
tliiii  in  the  a«id  alwitj-e  meant  wb«B  aulnhuno  acid  is  spoken  of. 
Brown  oil  of  vitriol  is  tho  ordiunry  pnxinot  of  tlto  chaiuben,  or 
thi^  boilvd  down  in  load  pans,  and  oonlnins  virinblo  qiLintitica 
of  acid.  This  is  n  qaeetion  of  price  only,  bnt  this  acid  otian 
oontAius  imuaritiM  of  sorioiw  oonwniutnov. 

Brvmm  cobtif  mny  ho  dno  to  dlnofved  organio  Diattor,  straw, 
Ac.  and  is  of  no  momont. 

Arienif  is  ofton  proaent,  and  mnst  bo  titriclly  avoid«H).  as  it 
anile*  wiUi  the  hydrogen  giron  off,  fumiing  a  dcttdly  poison 
when  irtroDg,  and  Ming  in  any  «»»  injurious  l»  hcaltn.  It  10 
detected  by  dilating  the  aoid,  and  piisaing  ftulphtirett«<l  hydr»- 
g«D :  arsenic  forms  a  yellow  precipitato. 

L^ad  is  oHen  preeont  as  HnlDtiato,  and  mtist  bo  carefully 
iTOoved,  or  it  will  dopoeit  on  the  nvgiitivo  metnl ;  it  is  only 
mooBsry  to  dilate  the  acid  in  a  soparnto  toshoI,  allow  it  to  oool, 
and  filt«r  it  off  before  nse. 

.VibvM  add  is  often  present  and  wiMit<-s  the  rino  by  destroying 
the  bydrogea  film,  but  is  othcrwiM  of  no  oons«iuence. 

The  addition  of  a  half  per  cent,  of  oolza,  or  other  oil  totlieadd 
bafi>re  dilntioo,  ahakiiig  well  together,  precipitates  the  metahi 
a»  soap«,  and  f<ninB  a  mlpho-glyceric  acid  which  ie  twiid  to  pro- 
tect tM  analflunalion. 

l'h«  rtcengto  of  add  used  in  batteries  may  vary  from  one- 
twontiotb  to  one-tenth  by  measure  of  acid  to  water. 
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The  tltiid  line  Is  that  strength  which  baa  least  rvslstanoo,  and 
mar  be  u»ed  in  Toltametere.     Very  strong  add  cauuot  l«  xaai. 
in  batteries,  as  there  matt  be  at  least  water  enouvtW  to  iiVswiAtft 
th«  nJfliMte  a  ^nc  ^  formed.    A  good  Bolutm  ia  m«\«\i3 


mixiii);  I  part  by  t>iillc  with  lo  of  wtttur,  whiob  nhuiild  ho  woft, 
tt»  vinUii  vontftiuiiig  lim«  itt  ii)it  U>  fonu  u  dejiooil  uu  the  motftl 
surfaooH ;  If  hard,  it  kIuhiUI  Iw  buUcd  before  um.  lOO  ktuieih  )iy 
meauuTu  of  auuh  a  Hulutiou  will  dissolvo  about  ti}-  gmnK  of 
comtuercial  :cmc;  but  it  ia  bad  eoouomy  to  nearly  a»tuiate  the 
aoid.  particularly  ifaL-veral  c«lU  are  combiued  in  seritM,  &a  ziiio 
is  apt  to  be  di^iio-ited  ou  the  lower  part  of  the  uegative  plain 
whiob  ia  tkuHdeotroyud  fortbe  time,  aud  from  whiob,  as  the  xiiiti 
is  pure,  it  is  a  Iroubleeomc  process  to  diasolve  it.  But  allowiog 
for  impurity  iu  sine,  1-ical  acii-<D,  and  a  due  proportiuii,  or 
about  one-fifth  of  fre*  sciii  left,  one  pint  of  this  solution  would 
dissolve  abuut  i  ]  oz.  of  zinc.  We  may  thus  calculate  tbe  work 
a  cell  ia  capable  of  doing  aa  aliout  equal  for  each  pint  of  solntioti 
to  34  equivaleuts  or  units,  and  the  cost  per  unit  of  the  siugle 
acid  cells  (tine  27,  Table  V.)  '□4}S  of  a  penny,  taking  amalga- 
mated sinoat  fid.  par  lb. 

187.  UYniiocui/)Bi(!  Acid. — This  will  servo  iM]Ually  aa  well  na 
Bulpbiiric,  but  ia  soldom  used  liocnuHo  it  is  dearer  :  it  also  evajw- 
Tatos  and  gives  off  injurious  fumes  aud  generally  contains  a 
little  iruu.  Dut  it  has  advantaeoa;  it  nves  ubuut  5  |wr  otut 
lumber  E  M  F  than  H^SO,,  beeioes  wbii£  tbe  chbmdo  of  nine 
formed  ia  very  soluble,  and  will  not  creep  up  the  cells  and 
crystallise  aa  the  sulphate  does ;  aleo  it  is  luefal  as  a  soldering 
(Ills  and  a  disinfociant. 

1S8.  Salink  Sui.LtTioict^  —  Them  are  some!  imes  recommended, 
nut  are  useless  in  single-action  coHs.  They  are  uaeful  iu  such 
fonus  as  the  manganese  cells,  where  oxygen  ia  provided  to  take 
up  hydrogen.  Sulphate  of  ^mc  is  very  naeful  in  place  of  aoid 
in  tbe  Daniell,  as  tbo  stilphato  of  cupper  anuplies  the  needed 
aoid;  but  it  is  not  good  innitricacidcclls,netnatmeans8otation 
of  tbo  zinc  by  (bo  moro  oxponsivo  acid.  Common  salt  baa  often 
been  suggested,  but  is  vriy  injiirious,  its  it  forme  insoluble 
oxvchtorides ;  the  same  applios  to  Mil-animoniao  (ammoaiam 
chloride)  except  in  the  maneancm  cells.  The  salts  all  create  a 
much  higher  internal  rosiatanoo,  and  theroforo  wa»to  tho 
energy. 

169.  Oaubtio  Alkalies.— Tbeso  diasolro  motala  and  may  be 
used  instead  of  acids :  thus  xino,  l«nd,  and  tin  an  soluble  in 
caustic  soda  and  ]x)ta»h,  prvdnoing  luatorials  oscfu)  iu  dyeing 
and  othar  arta,  and  batteriM  liavv  boon  used  in  which  they  aro 
substituted  for  xinc,  which  is  also  used  in  several  forms  to  be 
deacribod  lat4r.  Copper  ia  soluble  in  ainiDonia,  prodncinga 
oompouud  (cupiammonium)  whieh  has  tho  property  of  die- 
tolviag  cvHatoav.  Caustic  alkalies  or  tboir  caruonates  scparakd 
^huo  acida  hjr  poroia  mils  genontu  GUF  tiy  thdr  nMwtion, 
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CTen  willi  plates  of  similar  metiil,  as  platinum,  and  tbia  ni*y  bo 
added  to  tbu  loxtx  ariMng  from  Uicir  a^ante  relationa  to 
diflennt  ineiab.  Tlie  objeotioD  to  alkalies  u  that  tbcy  absorb 
onrbonio  add  from  tlie  air.  whuth  may  be  lai]^ly  praventad  by 
ovreiing  with  a  stratum  of  paraffin  oil.  The  metal  also  con*  ■ 
tinnea  to  diseoire  when  the  cell  ia  ont  of  aotioiti  but  doea  not  ' 
Bead  anulj^aQiatioD. 

Soda  aolution  is  prepared  by  bailing  t  lb.  oommon  washing 
aoda  in  4  jijuts  of  wattir  with  C  ounces  of  quicklime  reduced  to 
a  CTMtm  n-ith  iwrt  of  the  water.  The  boilio);  ahofild  1>c  eflbotod 
in  an  iron  pot  not  tinned,  and  continued  na  lonj;  as  the  (Ht»r  j 
•ulatioo  effervMoes  on  addition  of  acid.  It  can  Im  leparated 
fton  the  carbonate  of  lime  by  settlement  and  pouring  off,  and,  | 
If  dcaired,  boiled  down  to  iTyBf<ee  for  keeping.  The  solntion 
of  polaiih  gives  a  higher  force  than  soda,  bnt  is  more  eipenairo. 

igo.  Zi»e  in  atlaii  may  be  recovered  where  the  quantity 
makes  it  worth  while.  If  sniphuiettcd  hydrogen  ia  pa»aed 
through  the  solntion,  tho  Kinc  in  thrown  down  as  a  sulphide 
mora  or  lew  pQre,  and  tho  caiutio  alkali  is  rcprodui'ed  reaily 
tt>r  uae  again.  The  sulphide  of  sine  mar  l>e  used  ah  a  [mint  or 
purified  by  dissolving  in  sulphuric  acid,  giving  oIF  U.A,  which 
can  >>>.■  niied  lo  throw  down  another  charge,  so  thai  the  first  1 
•ufiply  I'f  II.;S  serves  oonlinuonsly.  The  sulphate  of  zinc  after  ' 
l<diig  (VismJ  from  iron  by  a  little  bicaehing  powder,  oan  now  bo 
pruripitated  with  barinni  sulphide,  a  cheap  natural  snhstanoc, 
which  produces  a  mixture  of  sulphate  of  bariom  and  sulphide 
of  sine,  which  ia  an  excellent  whit«  paint. 

The  last  part  of  the  treatment  applies  also  to  eolutiona  of 
xino  snljpbate  obtained  from  acid  batteries. 

191.  The  simplest  galvanic  goiiorstor,  and  the  first  devised, 
ia  the  combination  of  alternate  plates  of  cipper  and  zinc    Moat 
elertrioal  works  employ  a  good  deal  of  space,  in  deecritrittf;  tlM  I 
forms  deviwd  by  Craik»Jianli.  Wollasuin.  and  otbeT«,  eonsiating  1 
diiofly  of  the  mode  of  anangement  in  the  containing  vess^   J 
the  use  of  double  copper  plates  surrounding  the  xino,  .vid  «i>ch 
like  matters.     Dut,  as  the  nmple  copper-xtnc  arrangement  is    ] 
the  most   uosatisfaotory   form  known,  chis  oonple  oalls   for 
atCa&tioii  simply  for  the  sake  of  prindptes. 

Copptn  .isi>  ^iKc. — Wh<n  the  plates  are  first  immersed  in 
dilate  fftilphuricacid,  and  the  wires  connected  to  a  galvanometer, 
a  dcifiootion  is  produced,  marking  a  ]x<worFul  curront,  but  the  . 
•ffbot  rapidly  deoreatses,  H  163  and  174  ;  after  a  time  the  copper  ' 
ia  ooBled  with  a  film  commonly  said  lo  bo  osido  of  copper, 
thongh  it  is  obvious  tliat  no  oxide  could  form  there  m  i\u& 
proMDCC  of  naaronf  hjFdrpgen ;  U  ia  K»\}y  a  cumbVnatiotL  o^  lV\% 


hydrogen  witli  the  metal,  and  the  tliiiiinUlung  power  of  the 
c«U  in  duo  to  the  fornuktbu  of  tliin  hydride  or  alloy,  whioli 
prevents  ooutaol  of  the  oopper  wiUi  the  liquid,  thereby  in- 
oreoniiig  tlie  internal  reBiatanu<>,  whilo  the  affinity  of  the 
hydrogen  for  tlie  aoid  radical  reuata  the  polurieiug  power  of 
the  KiHO  and  diroiniBhea  the  electromotive  foroe  of  the  cell, 
g  174.    ThiR  rapid  fuilare  will  t>e  HL-en  iu  Table  IV. 

Pure  copper,  aa  dfitioHited  by  tlie  electrotype  prooess,  has  a 
higher  power,  probably  beoause  of  ita  parity,  imt  also  on  aoootmt 
of  the  nature  of  ita  aiirface,  whioh  ia  covered  with  innoiQerable 
fine  poiutH,  from  which  the  hydrogen  ia  given  off  more  readily 
than  from  a  smooth  surface.  H<ince,  if  a  oopper  negative  plate 
is  to  be  used,  it  ahoiild  liuve  a  deposit  of  copper  formed  on  it. 
A  little  nitric  acid  added  to  the  solution  (or  even  nitrute  of  soda) 
greatly  iucreaseB  the  efficiency,  but  in  this  caee  a  porous  cell  is 
desirable  to  keep  the  zinc  apart. 

19a.  Ibon  xsd  '/•mc. — Iron  has  often  been  reoonimeuded  as 
a  negative  element  beoaiise  its  surface  keeps  clean.  Its  force 
is  very  low,  as  may  be  seen  by  Table  IV.  The  re&sou  of  its 
surface  rumainiuK  clean  is  mainly  that  the  acid  acta  upon  it  as 
well  na  on  the  iEinc  and  thu^  cauHos  much  waste. 

iqj.  S11-VE8  KEiiAiiVE. — Thiii  acts  very  we  11,  esi>ecially  if  a 
thiokiah  deposit  is  formed  ujion  a  thin  sheet,  so  iia  to  obtain  a 
rough  surface.  Such  a  coating  may  bu  deposited  on  copper,  bot 
deposited  metal  is  always  porous,  and  the  acid  eventually 
acta  upon  the  copper;  this  is  the  oidy  objection  to  tlie  uw  of 
copper-wire  gauito  plated,  which  otherwise  makes  an  exoollent 
negative  i  it  should  never  be  left  in  the  acid  whon  out  of 
action. 

194.  I'LiTixtSBD  SiLVKO.— Hmeo  laving  found  that  the  nature 
of  the  surface  was  of  the  (greatest  iuii>oi'tance,  and  that  llie 
hydrogen  is  more  readily  given  off  from  a  rough  Hurfiice  tlian  a 
smooth  one,  and  also  beanng  in  mind  that  platiiiam  has  the 
highest  uloctrumotive  force  of  all  the  loetaln  as  opiioscd  to  Sino, 
de]>onited  this  metal  as  a  0nc  black  ])Owdi*r  ou  llie  surface  of 
silver,  and  tlie  cell  with  this  as  the  negative  plate,  whidi  jutttly 
boars  his  name,  is  one  of  the  most  vidnablc  |;ifU  <:vor  made  to 
electrical  science.  But  oven  this  cell  raiudly  fail*,  if  worked 
with  a  full  ourreut.  The  Sraeo  Iwltery,  in  its  UMual  form  is  of 
simplv  construction ;  the  silver  cbcet  is  held  in  a  saw-out  dowu 
the  niidilh:  of  tlie  inside  Htirfaodft  of  a  wooden  frame,  of  whioh 
the  top  and  bottom  ham  may  bo  {  inoh  thick,  and  the  iddua  |, 
the  Wood  being  well  baked  and  soaked  in  molt4.-d  purikffin  before 
pfittiug  together  by  the  oaaal  mortises  and  Lododm  ;  a  shoot  of 
eiaauheld  vu  oacbfueo  by  m«»iia  of  a  \)n««  cUmi;)  with  a  Horcw, 
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wbiob  pnwKS  tkcm  ngainst  iha  frame,  and  camM  alMO  the 
luDding-coTvw  fur  iho  cotmcctioa,  that  for  the  silwr  passiiig 
tlimn^h  a  holo  in  tho  top  bar,  and  l>eing  toldend  to  tho  BJIver: 


th«  aiiicK  ahotild  1w 
freo  c*o*pA  for  tho 
■  95-  Rolled  eilvi 
naiy  thin  ckoct  can 
bjr  dipping  in  uitiio 


or  than  tho  ailror,  in  ordor  to  giro 


obtitiood  ready  plattni«od,  or  onli- 
^tlv  rougliL-d  wiU)  fin«^Ui»-p«p(ir,  or 
__^_  "^oll  washed  and  platinJMd.  Insort 
in  a  vomer  with  di1i]tv'!i'-T?I,  and  connect  it  by  a  wiro  to  a  small 
Nlip  of  xiuo  iu  a  porous  votwcl  in  tlio  ntmo  acid ;  in  fact  mount 
it  an  a  iMitU-ry,  l>ut  exposing  at  &nl  only  a  mpro  touch  of  the 
tiao  to  the  liiiaid  ;  drop  in  a  fow  drops  of  platinio  chloride,  and 
•tir:  gradiuilly  a  faint  colour  forma  on  tnu  silvor;  add  more 
platiouin  atlt,  and  iDoraaw  tbo  sine  Korfaoo  i  and  an«r  a  good 
adherent  coat  ia  fbnned,  ^adnallj  incroaae  tho  action  till  the 
■nrfaoe  in  fairly  oovorod  with  a  black  coating,  which  toucb  ofl 
little  aa  poniblo.  Tlie  ptntinum  aolntton  is  ntiwlu  liy  iliasolviog 
•oi^ii  of  thin  platinum  in  a  mixtnro  of  two  parts  of  hydro- 
cUorio  andoDO  of  nitric  ockIk  ;  tho  sotntion  ia  very  slow,  and  is 
bast  odeoted  in  a  flask  with  n  long  ne«k.  in  whicin  is  iiiMrted  a 
tect-tnba  filled  with  wator,  and  stood  by  in  a  warm  place 

8<iibtlituU»/or  titrtr  have  often  boon  proposed,  as  lead,  and  an 
alloj  of  lead,  tin,  and  antimony ;  thoy  are  all  bed  economy,  aa 
they  giro  lower  £  M  F,  and  tilvvr  has  a  raluo  of  its  own,  ovoit 
when  worn  oat. 

196.  Caiuiox  Atii)  ZiKc. — Mr.  Walker  Kuggcated  the  uae  of 
graphite  platos ;  it  has  alao  been  platiniaod,  which  increases  its 
]>ower.  Owing  to  the  greater  reaistanee  of  carbon  and  its  power 
of  condensing  bTdrogen,  thia  oomUiiatioii  g>*cfl  a  loH'«r 
oan«iit  than  a  ailver  plate  of  the  Bame  Btse.  and  has  Tarious 
iBOonvMiieooee  which  render  it  leea  economical  in  tho  end  than 
nlTer. 

197,  For  oocuMmal  purpoeee,  or  for  large  working,  tho  beet 
oonatmction  is  to  naa  a  jar  or  wido-iuouthcd  bottle  with  the 

3tive  clonirnt  iisa  large  cylinder.  snpp:>Tt«<l  in  it  by  wires 
ouated  with  cement  and  provided  with  a  binding  eorew. 
Tbe  top  can  be  closed  with  a  pi«»  of  baked  and  paraffined  wood 
with  a  hole  in  the  middio  which  will  just  admit  tho  Kino  plato 
or  rod  to  be  passed  in  wbon  required :  at  other  times  thin  openisg 
can  be  stopped  to  prevent  evaporation. 

iq8.  a  nioiilar  arrangement    can   be   made    with  a  (xiroua 
^  fixed  in  tbe  top,  and  this  may  contain  a  ntlino  solution  to 
diminish  action  on  the  ziDc    Inhere  mimt  be  an  opening  in  the 
lop,  outside  tbe  porous  Jar,  for  tbe  pnr{)080  of  cWn^ii^^^ 
UyoiJ  aod  nthwing  gaa  to  eaoapc. '    If  tho  pwt  ol  \il«  ■^xvj'4» 
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jar  above  tho  liquid  bo  well  soaked  with  panffin  (or  if  merely 
ft  elasB  tnbo  pessc«  down  to  below  tlie  Biirfnci>  of  tbu  liquid).  th« 
cell  bocomo«  an  admir&blo  vo1tam''tor,  if  a  Hmall  tiibn  in,  fixed  in 
tho  t«p  to  ca.rry  the  gas  away  to  hv  Dipiltinroil. 

ijq.  For  Inrge  cuiTciitB.  wooiicn  iwitL.  fei:i1  with  ocmcnt  aro 
iiNnil  in  wbiobplatos  aro  eU8peniicd,Mmy^y  r.ina  nttd  nc^j^tivo 
tiiutiil,  ull  of  oach  kind  being  cooiieuj^^Kntnor/onoeoniietitiuii 
UH  onch  side  of  th«  cell  is  bcwt)  to  «3'  ^  ono  elvment  of  largo 

BlirfBOO. 

All  excellent  inodo  of  ma.lcing  connection  to  the  ziiicn  la  to 
b;tvc  n  narrow  trough  containing  mercury  across  tho  Iiottom  of 
the  ixU,  connected  by  a  wiro  covoroil  with  acid-proof  coment, 
ao  that  HtAnding  tho  pinto  in  t!io  trough  connect^  tbi-  zinc  at 
o^Oi^  urn]  iilwt  kcopH  up  its  amalgamationSiSj  ;  n  barfihrniM  l)n 
provided  for  tho  Kino  to  loan  ftgninst-.  Enoh  zinc^,  ftir  ri'gtiliir 
working,  slionld  bo  in  the  fonn  of  at  least  two  plati'K  :  one  of 
tliem  can  then  bo  romored  and  replaced  bynfrwh  plate  without 
demiiging  tho  work  going  on. 

200.  OdiU-and-aiii*  Cdl. — Smeo  proposed  what  bo  oallcd  an 
"  cdd»-and-cndB  "  coll,  composed  of  a  jar  in  which  a  <iuautity  of 
luercgry  whs  placed  with  scrnpH  of  Kinc,  brolccn  jitatcs,  or  oven 
ruw  sjielter  ;  a  plat«  of  platinised  r^ilvcr  wni>  lh<'n  siisjieiidiyl  in 
thejar  and  the  acid  solnt ion  luldod.  It  its  not  Matififiu-U>rv.bul  may 
1)0  iistid  to  work  np  liroken  phitos  and  ends;  jim-.h  ii  cell  a«  8  197 
may  rn'rvi-,  with  apcimns  i:ol!,  or  even  a  gntta-peroha  or  eartlitiu- 
ware  oiiu  with  the  sidi-a  full  <if  hoiRS,  fitted  with  a  counectiiig 
wiie  (S  ir^rj)  and  a  ]a3'rr  of  nierwury.  Or  a  iu)uara  oell, 
with  a  diviHion  across  the  liotloni,  forming  a  ineroory 
trough,  niaj'  ha  used,  the  —  pinto  banging  ckar  of  tbi*  meronry. 
The  iiicronrv  i«  subject  to  bttle  waste,  but  now  and  then  the 
whul»  should  be  removed,  well  sliakeu  up  together,  and  repacked, 
and  the  imircurj-,  as  it  beeomes  chargu<l  with  tnetals,  ahould  bo 
filtered  by  B(|nepzing  through  a  wet  chaiiioi*  leather,  the 
reaidue  beinn  jidded  to  the  collecti'm  deseriliwi  i  104. 

201.  All  ihewi  single  li<iuid  OL'lliiluive  twudefeota:  (j)  Aa  the 
energy  is  largely  carried  off  by  the  hydrogen,  liieir  electro- 
niotivo  foree  is  low;  it  cannot  pjttiued  l-i  volt,  and  in  actual 
work  ita  rarely  exoeede  5  v<ilt.  (a)  deficient  oonatancy,  as 
Bhi>wn  in  Table  IV.,  wbieb  enn  only  bo  pariially  overaome  by 
largely  increaeing  the  negiitivu  siirfnco. 

20i-  Depourizino  Batif.ries. — This  is  the  name  frequenlly 
given  to  those  in  wbicl;  srnue  agent  in  i-mployed  to  jirei-ent  tho 
iiydrogeu  from  being  set  (ra<:  There  art- two  inmlos  «f  effccting 
this: — (i)  a  luetallie  Hidt  nlb)WH  itK  buw!  to  lie  thrown  down,  it 
being  replaced  by  the  hydrogen  wliioh  furniii  nn  aoid ;  (1)  a 
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ralvtauoe  is  tiMd  wUob  ouDtaina  ozyf^eu  or  chlorine  in  •  oom- 
biuition  euily  released,  and  with  which  the  hjdrc^Cen  onn  unito. 
Tkis  is  «Sieeted  Iiy  Uq'tidt,  such  aa  nitrio  or  ctmimio  »a\A»  which 
«re  powerful  oxiduuU,  ^x  \»y  lolid  tmdn,  such  u  ]ieroxulM  of 
mangauMe  or  lead. 

Iavent»rB  have  ^tcd  mnch  attention  to  th^K  ooinbiualtonit, 
And  then  stq  a  luultitude  of  bauerie«  named  after  tlicjr  itiTcn* 
tora  and  patMit«<e(i.  F«w  of  thom  are  of  any  ralu«,  and  moat  of 
ikoBi  are  r«i n trod ncl  ion  ■<  of  inattors  thoroughly  known  lo  or  xo 

rnago:  others  are  m(Hlilii.«tioiia  of  const  mot  ion.  It  would 
impoasibletodtwcribeall  of  thcac,  but  thote  uf  mo«t  pro1)ablo 
■sewill  be  PSplained.  Readers  will  he  lieet  twM-ved  by  haviiif; 
the  principles  explained  which  govern  them  all  and  the  beet 
Riod««  of  oonrtniction  pointed  ont.  Whon  two  liqniils  are 
rvjairrd,  thry  tiin-t  bo  Itcpt  from  mixine.  so  Ear  as  poBsible, 
wit  hont  destroying  the  continnity  of  liqnid  1^  which  oondtiction 
is  offcvtod. 

>0{.  PoKOtn  Jaxfi — At  fintt,  aninial  mrniliranue,  bladders, 
OS  Kolletn.  &c~,  werv  ntitin-d.  In  Momv  cmmw  good  paper  is 
useful,  wpccially  tho  p«ralim<;ntii)od  paper.  In  uxporimonti* 
reijiiiring  great  rcsistaiK^is  Kbu«  tube*  pltigg^<il  with  {iliu(t«r  of 
Taris,  or  iivrn  clay,  are  ompiojDd ;  for  small  experimonta,  or  for 
[ilatinisiiig  silver,  tho  bowl  of  a  tobaooo  pino  may  bo  nsod.  For 
pnotical  pnrpoMcs  nngUiml  i-arlhonwaro  u  employod,  and  may 
be  obtained  in  any  form  or  Mixo.  Tiiere  are  many  qiMlitive,  and 
they  miwt  lie  ndiii>t(.fl  to  thu  Hpi^cial  piirpcniv  TIichu  porouu  jars 
conduct  liy  tku  Ixiuiil  thisy  aliHOrh,  ami  lu  thi-y  niliioo  tht^  nrva 
i>f  liiguiil  throiijch  which  tli(!  uctioit  tiikiit  place,  they  incriiiuqn 
the  iiitomal  rvaiitunoo;  nor  is  it  pMHililo  Ut  prorcnt  suinc 
mixtarv  of  tho  two  •olutionx  IhiiH  auparattKl,  which  cuisea  waste 
liT  h)cal  action,  bvwidett  affecting  t)if  regularity  of  the  working, 
llfinoo  for  long-aiiatainml  action  a  tliiok  and  uloao-grained  jar 
Dtiut  bo  wed,  wbiln  an  opt^n  and  more  jiurouH  one  suits  best  for 
short  norioda  and  atn>ug  a«tion.  Tliu  luiut  i>oroUH  un««  are  of  a 
i«d  oolonr  and  aofl  material,  tho  fluent  and  mo«l  ^'oduring  are 
dow^grained  and  white;  a  good  nmierial  w  mift,  ami  niaj  be 
HOTSpod  with  a  kuifo.  Tlie  lieat  l<.-8t  h  tj>  fill  them  with  water 
and  Me  bow  long  it  ia  befon>  it  fornu  a  dew  on  tlie  outer  aurfaoe ; 
if  it  runs  off,  tlM>  j^r  ia  ui>t  fit  fur  nae.  It  i«  a  great  impruvemeut 
f  render  the  bullum.aud  Blill  more  the  part  which  is  to  reuiain 
'  aliove  the  liquid,  noii-alwurbent.  If  Ibix  is  not  dune  the  salta 
I  ri»«'  up,  effloreece,  cryatalliBi-,  and  disintegrate  the  jar.  For  the 
\  tMue  reason  jara  taken  out  of  thu  liijuids  uiu^t  oot  bo  permitted 
f  to  dry,  bat  ahonld  be  kept  suakiog  in  water  to  ^^TOtjuvX  \\\w 
r      \tf»t*vetioa.    Thu  ia  o//>arti'ou/ar  importance  wvtl\  jur«  to*A  lot 
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ttio  Daiii«]l'«  ooU,  u  tboj  uro  very  apt  to  g«i  nuduloa  of  copper 
dopontod  on  tliom  wtonTor  Uio  xiiic  liiu  touolt<i(l  the  inner 
8lirfaoOi  partioulnrly  nt  tlio  bottom,  wliore  tlrui»  of  mercury 
or  fUke«  of  itinc  fftll,  anil  the  cell  is  very  noon  rftiidervd 
worthlcM ;  if  this  ocoiini,  the  apot  of  metal  tihould  liikve  goinu 
conient  or  giittiv-porcha  luid  ovit  it,  so  iis  to  rciDiUrr  it  aim- 
conducting.  Bonic  porous  jatm  uru  gluzed  tit  thi>  uppc^r  piirt ; 
when  tliin  i(t  not  tho  Oiuw  tliuy  Hhonld  be  Tundurc<l  non-iibdorbtint 
liy  Htnndin)!  in  a.  thin  luyerof  puraflin  kept  just  nhuvc  itit  melting 
point,  till  thin  hoa  boon* Boakea  np  an  tiu-  as  is  reuiiirLfl. 

204.  Ki:EOTiiio  Bhdoshobb. — Wheubver  two  dineront  liquids 
are  noparatod  by  a  poroue  diaphragm  ihcy  each  pnm  ovei 
into  tho  other,  and  beooiae  mixed :  thisoolion  iaoullod  endornncee 
and  tl]<!  Hole  u»c  of  the  diaphragm  is  to  diniiniali  the  rate  of 
mixture.  This  action  occurs  in  both  direotloiia,  hut  whc-o  an 
olectrio  current  passes  thiouglt  liquids  thus  separated,  tho 
liquid  trai'elii  with  the  pciHitive  current,  with  suoh  a  forcoa*  to 
oounterbalaiico  a  largn  difference  of  level.  I  hare  known  sine 
oells  to  be  nearly  emptied,  when  a  strong  current  wsa  paaaing. 
Itappoani  an  though  the  actual  subalanoes  undergoing  dcouui- 
jKiHitiun  wcro  not  the  pure  bodies,  but  oouipounds  of  tlioso  with 
wutor,  and  that  thin  aooompaniea  the  +  'on  =  but  it  is  al«o  foiiod 
Uiat  the  hulk  carried  1^  a  current  is  greater  witlt  badly 
ooiidnoting  mdutionK  tliaii  witli  good  oandnoton.  The  tswe 
aMoeriuinod  by  Wridemann  are:  (1)  tho  quantity  whiuh  Qovb 
out  in  equal  times  is  directly  proportional  to  the  stiougth  of  tho 
current.  (3)  The  quantities  flowing  out  are,  al!  other  conditions 
lieing  equal,  independent  of  the  aitLv  of  tlie  porous  sulnttanixi. 
(j)  The  htight  to  which  a  current  will  cause  a  liquid  to  rise  i« 
directly  piojmrtioual  to  the  extent  of  the  porous  stirfaoe.  (4J 
The  force  wilh  which  an  electric  tension  urges  a  ]i»nid 
across  the  [uiTtition  is  equivalent  to  a  preesiire  proportional  to 
that  tension. 

205.  TuE  Dasiell's  Cei4„ — This,  the  first  devised  impravo- 
mirut,  is  aLio  the  most  succeesrul  stlemut  to  obtain  constancy. 
To  it  also  we  owe  the  discovery  of  the  electrotype  prooess.    lu 

{irinci)ile  is,  tliat  copper,  sa  the  negative  metal,  is  sarrounded 
<y  a  solution  of  a  Koit  of  oopper,  which  is  reduced ;  Inatead  of 
li.^drugen,  oop|>er  is  set  free,  and  deposited  on  the  negativo 
surface  whioli  is  thus  kept  constantly  renewed.  I'ho  acid  of 
the  suit  i»  transferred  by  electrol^'sis  to  the  positivo  motal, 
through  tho  porous  medium ;  hence  if  fresli  salt  is  provided  to 
reiilaoe  the  oonsumntion  the  negative  plate  and  sulutlcm  rumnin 
uBSjSffctod  except  by  eudosmoso  from  Ike  zinc  cell,  but  ntill 
a&sn/u/o  oonataiioy  cttRUOt  be  obtained,  because  m  the  aino 
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diasolvea.  Uie solution belongui^  to  itbeooaiwlMtftctiToandlMii 

eoadaetiag.    The  great  drawutok  to  thia  cell  i«  th^t  tb««uppor 

Mit  paMM  bf  ewiomow  into  the  zinc  moIdUod,  naA  MtM  ou  tho 

cbw^  wbnre  lbs  copper  is  depoailod,  and  omunm  gnat  wuto  hy 

Mtting  ap  local  nclions.    Mmit  forma  hav«  Iwcu  deriiwd  to 

preTvnt  lUifl,  aonie  of  whiofa  will  bo  doncrilwd.    A  pUii  I  liavu 

loatid  tu  answer  with  large  oella  for  long-ocmtinuod  i»c|ierimuutM 

in  which  ronstarioj  was  in)|)ortant,  la  to  tuo  a  larger  })otouh  jar 

onuide  the  eino  one,  fiUiug  the  apaoo  between  thtim  with  a 

atroDg  Solution  of  Kinc  aiil|ihale,  and  some  Kino  cuttiuga  to  de- 

oompoae  any  copper  aalt  entering;  tlio  inner  cell  ia  thna  kept 

Dvarlj  free,  but  of  coarse  the  intvrukl  reaiatanoe  is  iomewhat 

inoMaaod.  The  ordinary  fonn 

of  the  Daniell  is  ahowu  in 

f  S*  35 :  a  the  copper  veaael 

fitted  with  a  reservoir  b  for 

thccryFtals,  ctho  poroiuoell, 

d  th«  rinc  n>d  suapendad  in 

it  by  a  bar  paonng  throagh 

it.    The  part  of  the  copper 

cylinder  within  the  r«<B«rvoir 

ia  of  ooona  perforatod,  and 

abovld    be    well   varaiBbed. 

Hodeeof  constmction  mar  be 

wied  to  any  extent.     Thns 

ia«teftd  of  a  copper  oontaiu- 

fng  TMsel,  a  glass  or  earthen 

jar    may    bo    tiscd    with    a 

cyltoder  of  sheet  copper,  or 

noh    m  jar  may  be  oorennl 

inaide  with  a   film  of  wax, 

bUokloadod,    and     tho    dc- 

pait«d  copper  will  fonn  its 

own  mrbooiortliin  nhoet  load 

may  be  naed  (not  tin).     As  the  oof^r  eolution  creeps  np  the 

■ar&oea  (eapociallr  with  glass)  the  nppor  part  of  the  veanuls 


riunld  be  warmnl,  and  coated  with  paraffin,  which  reaistu  this 

BOtiOD. 

3o6.  Flat  platvs  may  bo  uncd  io  a  veaael  aoroaa  which  a  plate 
of  ponnia  material  is  fixed,  nud  this  has  advantages;  among 
others  it  is  easy  to  make  the  cdl  itw-lf  aorve  as  a  depositing 
TMsal  by  nsiog  models,  seats,  &c^  in  fact  any  object  we  wish 
to  copy,  a«  the  nogntivu  stirfnce,  by  suspfndiug  theae  to  a  rod 
which  forms  the  +  polo  of  iho  hstteiy,  Tbis  ia  ia  fact  «^^S& 
aJM  the  aioglihcell  prooen  of  eJertrotyping.    l!\\t  wiW  u"^ 
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mttde  of  wood,  liued  with  it  roxinouH  content;  gutta-percha 
bo  used,  Imt  bun  thi;  ili>i»<l  van  turn  «f  fuoilitatiug  the 
urooesa  of  anidn  uiid  buUn.  which  !»  tniublcaorae  and  ineMff, 
bteidea  oauaiiig  loso  of  juwoi-.  Four  parta  ruin  inelted  with 
ono  of  KnltA-pereha,  and  a  HDiall  nuaiititr  of  boiled  oil  auswera 
perfectly ;  the  wood  nboiild  bo  jurrfectly  ary  and  warm  when  it 
is  applieit  A  Bitiiilar  oemimt  with  a  liir;;i*r  nroportiou  of  giitta- 
pgrcha  luav  h«  used  for  oovuring  wircK,  6(8t  heating  them  so  as 
to  iueiiro  adherence;  for  iht*  pur])o!ie  it  ahonld  be  mn  into 
nticks.  8ach  an  ajijiaratuu  ik'  shown  in  Fig.  ]tS ;  a  b  is  the  box 
divided  by  the  poroiiti  partition  d,  which  may  be  roplaood  by  a 
prjrotu  cell  ataudiiig  in  tbn  box :  e  is  a  pUoe  for  holding  tho 
crystals  i  e  and /are  two  b«ra  of  metal,  to  which  are  hung  the 
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olijecta  to  be  copied  and  the  nine  plate,  each  6tt«d  with  a 
biiiding-scrow,  Tho  bars  being  niovablo,  it  is  easy  to  regulate 
the  distances,  and  so  to  control  tho  action,  by  altering  the 
internal  rosistnncr. 

Z07,  This  appnratiiB  answers  admirably  for  a  voltametor  by 
usin^  a  light  copjwr  plalo  and  weighing  it  after  an  experimont. 
Tho  Daniel  cell  will  also  servo  as  an  approximnio  moasurer  of 
current  by  tho  solutioD  of  the  crystals.  As  these  contain  ime- 
fourtli  their  weight  of  cnp]>er,  the  quantity  needed  for  a  given 
work  is  easily  calculated,  and  if  this  is  put  in  tho  reservoir, 
when  dissolved  it  will  indicate  the  complistion  of  tho  work. 
Snljihttto  of  coTOJor  is  often  very  impure,  inju  and  zinc  replacing 
tJ)»  oopv<ir,  anii  thcrvfon  the  tnlt  Hhonhl  ha  oxaniinoil, 
JicS.    T}iv  Jfui'd  Htirroundiiig  thu  v.ine  luuy  \iia  Vlw  \wual  aoidt 
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bnt  for  cotutenoy,  thougli  witli  Homcwlutt  greater  intorual 
rosutanoo,  tlie  best  eolotiou  b  a  half  ntamt«il  one  of  Bulfilutt« 
tif  anc.  kept  in  propor  oomtidon  by  occasionally  removing  a 
littlo  and  repUcing  with  water.  Sal-«mmoD)au  or  oouunon  salt 
hikve  >>cun  wed,  but  see  S  1 88.  With  neutral  solatiaoB  tlw  sino 
BOt<d  not  be  amalgaiuated :  tlio  line  aliould  be  renioved  ocoa- 
nonally  and  tho  dcpositad  copper  bnmlied  uff,  ami  when  a 
b«tt«ry  is  roqairod  only  at  intervals,  the  einc  aolntion  eliould  be 
a^inpttiil  into  a  jar  witli  »  few  scrape  of  sine  lo  roduco  any 
copper.  Ah  during  action  tho  cnrrent  rwist^  tho  oudosmoso  of 
tho  iiipjHir  Uiwai^  tlie  mnc,  $  204,  it  is  dMirablp,  wjicn  n 
buttery  in  out  of  notion.  t<t  <'1'iso  its  oireiiit  throngh  a  resistance, 
•u  Its  to  oiaintnin  a  sntall  cnrrcnt.  In  fnct  it  is  found  with  tho 
D-micIlit  uiied  in  tolognphy,  consisting  of  porous  oolls  groaaod 
«vi'rywhor«  czoopt  upon  a  sTirEdoosnfficiont  to  allow  the  roquirod 
actiun,  that  the  oxp"Jim  of  maintenanco  is  about  tho  same, 
whulltor  working  or  not. 

JOg.  Tho  action  of  tho  stdnhato  of  copper  coll  is  Msilr  os- 
plainrtl  u  an  e^teiisioii  of  that  shown  Pig.  ^t,  S  i6j.  If  we 
onmdder  tlio  two  nioltf<;nles  to  tho  right  to  U>  sulphate  of 
copper. 
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The  last  lino  shows  that  an  atom  of  zino  is  taken  np  and  one  of 
i-iifipor  displaood ;  that  the  force  is  tlio  difference  botwoon  llw> 
affinity  of  Hulpburio  radioal  for  xino  and  for  coppi-r;  thd  acid 
MTvre  only  as  a  oondaoter,  AK  it  will  Ixi  won  that  thcro  Ik  the 
MUM  ijnantity  aftor  action  as  bcforo ;  thd  foroo  is  rquivalciit  to 
the  he*t  aino  woalil  give  while  prceipitjiting  <!oppor  from  ita 
mlphnto.  and  ts  rMilly  tlio  difleronce  ln^twi-en  the  enei^ 
■'listing  in  snipluite  of  oopper  and  that  niMXMsary  for  snlpliate 
of  sine. 

310.  Tit  Eittlrunvtire forre  tif  thr  DanirU.  ~\\  in luiuiilly  fitale<l 
Ik  ho  vnit  1  '0/9,  bnt  ih  Rul>j«ct  to  many  caujtcn  of  vuriation,  no 
(hat  gtH)d  nutharitieit  ilifFer  as  mixili  aM  }  pi^r  cent,  in  the  valiici. 
Mt.  Aldi't  Wright  oaloalateti  it  from  ihv  l:ht^micnl  reaotioDS  aa 
1  *  105  Hud  MVH  Unit  thi;  spcoiGc  gravity  of  the  liipiida,  {.  e.  tho 
■trvngtli  of  tfie  acid,  phu-s  so  important  a  )>art  that  with  acid, 
spedflograTity  i-oio  ihu  EM  F  is  1  -i  Jt ;  at  1-050  it  is  t't\\; 
and  at  fojo  it  X»  i-i4i-  Other  anUioriliw  «ij  t\\al  -wAXi 
sulphaifofa'noitis  9J /«t  ocnt  of  that  wilt  wAA.    "tt^  o'*!*. 


exiwriiuenta  indicate  that  there  is  not  much  dilFeivticd  dne  to 
this  c&tisfi.  I  found  tiiat  in  such  delioato  experiments  where  no 
real  workin);  current  is  developed,  what  it)  measured  is  really 
sialic  potential  rather  than  E  M  F ;  the  mere  motion  of  the 
zioc  plate,  or  bmshiog  off  the  bnbblea  of  hydro^-n  woald  make 
on  instant  cliange  of  }  iter  cent,  and  that  therefore  this  action 
alone,  if  unknown  (and  1  have  never  eeen  it  noticed),' would 
vitiate  many  observations. 

311.  Dr.  Wright  states  "it  was  found  that  but  Uttio 
difference  was  produced  by  using  pare,  commercial  or  amal- 
gamated tino,  or  zinc  coateil  vrith  a  film  of  copper."  This  ie 
difforent  from  the  received  upiniouB,  and  from  my  own  expori- 
onco.  I  find  that  amalgaiHiLteJ  nine  liaa  the  higher  force  by 
about  *ot,  ae  compared  with  new  ebeet-zinc,  and  more  as 
azainst  corroded  mc,  and  that  the  EM  F  of  any  nine  plate  is 
uways  increased  by  cleaning  oiT  the  rwiduary  impurities,  and 
renewing  the  amalgamation. 

The  effect  of  copper  dejiDKit  on  the  lino  is  very  marked,  and 
uiny  k>c  cosily  teiited  ;  if  thi.-  zinc  plate  be  touched  with  n  copper 
wire  the  foroe  falU  '03.  This  is  not,  as  sometimefl  said,  an 
effect  of  eontael  lowering  the  imtentiai ;  it  is  a  direct  chemical 
action:  there  waa  already  a  copper  contact  iu  the  wire  con- 
ductor soldered  to  llie  nine ;  in  fact,  merely  touching  with 
copper  out  of  the  liquid  jiroducea  no  effect;  the  copper  must  be 
UDoer  the  liquid  no  that  it  sets  up  a  looal  action.  I  found  that 
by  adding  copper  sulphate  to  the  zino  solution,  to  throw  down 
oojnwron  thezino  plate,  the  foroe  fell  'oj,  and  then  touching 
witli  copper  produced  no  effect.  It  is  evident  therefore,  that 
where  n  constant  E  M  F  is  desired,  the  zinc  plate  used  should 
tiot  bo  free  from  copper.  But  all  loose  deposits  of  copper  should 
bo  removed  at  intervals. 

3 1 3.  Variation  0/  Umperalure  ajfecti  ihe  E  M  F. — lleat  raises 
the  force ;  it  does  so  by  uffiKiliiig  the  solubilities  of  the  two 
salts,  and  supplying  externally  the  energy  absorbed  in  solution. 
I  find  that  between  ja"  Fahr.  and  52°  there  is  a  difference  of 
volt  "01  and  between  jo"  aud€o°  aUo  'Oi,  and  between  50'  and 
100' about  '02J. 

31}.  These  experiments  were  earned  out  by  means  of  oells 
oonsistiDj;  of  U-tubos;  the  benda  of  which  contained  sand 
mixed  with  oxide  of  einci,  to  prevent  passage  of  the  copper  salt. 
I  found  these  lemalned  in  perfect  action  for  ■  week  without  a 
trnco  of  copper  paniug;  the  tubes  were  mounted  in  stands 
with  mercury  oups,  and  the  plates  of  metal  had  wires  attached, 
Off  that  they  dropped  luto  the  oups  as  the  plates  were  inaertad 
^  tli»  tuboB,  Atui  oould  bo  raihdUy  sxcbuiged.    Of  oourse  the 
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object  ill  Bilob  csperimcntu  ii*  to  iHoUto  each  aotioD  uid  obtain 
thtMntioal  p«M'fuclion  at  tlm  moinvnt,  is  ontor  to  MCortuD 
whence  eome  tho  dortictjt  which  ari*o  in  toon  praotic*! 
oporatlom. 

314.  It  ia  gaamiiy  ooosidored  that  the  Dunirill  U  not  ml^Mt 
to  "  poluisatJOD " ;  tfakt  ia  U>  my,  that  ila  E  H  F  in  ooturtuit 
whttt«Ver  the  external  noiotonoe  may  W :  thiH  in  not  oxooUy 
the  cue:  it  is  iffiyitAd  by  th«  "(l<;:i»ity  of  cnrront"  dorivod 
fnaa  it.  According  to  Dr.  Wright  u  nurlkeo  of  135  iq.  cunti' 
metres  (19*  j  aq.  indi)  will  uiaiatuiu  iU  £  M  P  np  to  •  ourroat 
nf  ainpere  *ooi ,  and  will  lose  1  per  c«nt.  if  c«1I<m]  on  to  pro- 
dooe  '006  and  as  tnuoh  aa  10  par  e«nt.  if  worked  to  ampere 
0*4.  These  figtina  are,  however,  tiutir«ly  irpcein),  applying  to  a 
partionlar  ooimtntctiun.  The  oatute  at  worlc  is  very  oluar  i  it  is, 
that  the  current  developed  munt  be  proportionwl  to  tlte  supply 
of  oopper  ealt  presented  to  the  copper  plat« :  if  the  aoliitiDn  a 
not  Btrons  enough  to  meet  the  demand,  wo  have  copper,  not  in 
copper  Belt,  but  in  suli>huria  add,  becatue  the  oopiicr  haa  boon 
removed  from  the  molecule*  adjoining  the  p1at«s:  thiA  am  only 
be  corrected  by  the  prooeas  of  diffnaion. 

31;.  The  DattiHl  VeU  haa  been  fiilly  examined  becatiH  of  ita 
inportanoe,  both  praotioal  and  thooretioal.  and  it  only  roraaina 
now  to  tbow  the  oo«t  of  its  working.  In  this  ioctsncQ,  thia  ia 
dbown  in  AiU  detail,  and  will  el.^^ve  to  allow  how  the  coat  of  tbe 
ottter  forma  haa  been  arrivtHl  at  in  Table  VI. 

The  local  aotion  will  depend  on  the  quality  of  tho  porous 
Teawl,  rate  of  working,  ice,  bnt  we  may  allow  5  por  c«Dt.  We 
^ro  then  per  unit,  by  Table  V. : — 

Ijnc  34  Zinc  unaiualifituiatiTd '^'95 

H      9  Copper  fruljihate 'cyyoo 

Local  action '<^JS 

■1150 
Iieaa  Stopper redoced      -ojes 

of*  peony  ..     '0584 


Thia  aaatiTiiei  that  ziuo  anlphato  is  ueod  in  the  zinc  cell  and 
Dovts  nothing,  it  being  a  product  of  tbo  working.  The  reduced 
ODppor  is  taken  at  the  common  value,  but  if  it  is  deposited  in 
nseM  forma  the  aotual  cost  of  the  ooU  will  bo  reduced  to  nothing 
in  many  csaes,  and  it  is  so  worked  in  aumo  factoiiea,  vb.&K  Vuigb ' 
«dla  are  so  Mmugvd  that  lh»  copper  plates  are  objocVB  TWsawm^ 


L 


1S6 


OALVAKIO  SATTXIUES. 


[llS. 


depoeiU  Bticb  aa  Btoreoty[>e  Uooks,  while  current  is  led  from  theni 
to  other  work. 

3i6.  Tb8  Gbavitv  Baitekv  is  a  DaiuoU  withoot  a  jxiroiiB  cell, 
in  wbtcb  tlio  (TOpjier  aoIntioD  is  kopt  from  the  sine  ouly  hy  ita 
greatt-r  ajiecific  gravity  but  gradually  reache«  it.  There  uns 
many  forms,  but  it  was  first  proposed  by  Mr.  Varloy. 

Id  Calland't,  iisi.-d  iii  Ameiicaa  telegraphy,  the  bottom  of  the  jitr 
is  covered  with  a  sheet  of  copper  fitted  u-itli  a  wire  oouductor, 
npnn  this  ia  laid  a  stratum  of  crystnlis  of  copper  sulphate,  which 
ithoiild  be  Urge  if  a  small  current  is  wonted,  Hmall  when  much 
wcrk  is  to  bo  done  ;  the  zinc  pinte  is  suHpended  above  aud  the 
jar  char^^ed  with  water,  or  n  weak  Hohition  of  siilrihale  of  zinc  ; 
it  must  of  course  be  placed  where  not  auhjuot  to  vibrntton. 

l.arge  cells  of  this  kind  havo  iiD(iw«rod  we]),  where  large  and 
ixmtlani  currents  are  needed. 

It  is  odvtuitaKeous  to  cnulcso  the  Kino  iu  an  onrolope  of  iiarch- 
meut  pa]x<r  or  close  cloth,  »n(l  also  to  ttiBt  il  in  a  uouicaI  fenu  to 
allow  any  gas  to  escape.  The  crystals  should  aXnn  Iw  Boniewliat 
raised  above  the  copper,  in  «  trey  with  a  Ixittoni  full  of  liolee,  or 
made  of  horse  hair  cloth.  Mid  cuven-d  witli  a  similar  lunteriah 

ai7-  Central  retervuirt  of  eriftlaU. — Inslwid  of  a  plratnm  of 
copper  fiul]>hate  ou  the  bottom,  a  tube  or  funnel  may  occupy  the 
middle  of  the  v€rael  and  contaiu  a  supply  of  crvmtals,  while  the 
zino  is  %  ring  around  the  tuU-.  In  home  casM  tAo  bottom  of  tlio 
lube  iselceed  with  a  cork  cuntnitiing  a  glaiM  tube  of  rach  size  oa 
to  limit  tlio  outflow  of  the  Mtumt«d  oopporaoliition:  and  it  is 
preferable  to  add  another  bent  tube  rising  iasido  to  the  cryHtals, 
and  outsido  t«  nearly  the  Kurfuoo,  so  01  to  not  ak  an  inverted 
siphoh  and  dniw  off  the  up|icr  jiart  of  the  Holution. 

The  moat  ratisfaotory  arrangonieut  1  Itare  been  itbl*  lo  devise 
after  many  trials  is  one  of  this  chamctcr  in  whiah  the  opening  of 
the  outflow  tube  is  fittnd  witli  a  ptate  of  soft  indlo-nibbor  whi<^ 
can  be  pr«Moil  up  to  and  clowc  it  when  the  battery  in  not  wanted 
for  action :  it  in  desintblo  alxo  bo  cluuc  itM  circuit  thrungh  a  eon- 
sidorablo  rosistanoo  at  suoli  times,  so  as  gradually  to  use  up  tho 
oopnor  Bolntioii. 

The  Htidinyer  ixlt  is  on  tho  same  prinoifilo;  tho  refvrroir  of 
crj'stiils  is  a  fliutk,  the  ncok  of  which  replaces  tlio  tnbc  juttt 
deBcril^cd  ;  being  oloMod  from  atmosphorio  prewntre,  tho  supply  of 
solution  is  very  gradual,  like  the  bird  fountain.  All  oi  these 
work  best  for  a  gradual  dumaiid,  but  do  not  answer  wull,  if  left 
out  of  action  for  some  time,  and  then  calleil  on  to  aupjijy  largo 
current. 

2iS.  'I'ho  lUiwIto  has  been  much  lauded;  it  oonaiata  of  a  jtr, 
at  tho  bottom  of  wliiol)  is  ft  oopiter  phit«,  fitted   with  *  wire, 
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aovereil  wiUi  an  inch  uf  cnubod  salphnlo  of  copper,  mh)  a 
Itfer  of  silver  eanil  wbidi  is  to  net  m»  tliu  porotiE  iliTitiiott. 
Sana  om  eawdast  in«toad  of  Hand,  othen  pnpor  palp,  or  felt ; 
thejr  ire  OEofiil  wIimv  gnut  iatcmnl  rvsiatanoo  i»  not  an 
objection  bat  the  coppvr  iiie%-itub1jr  find*  it«  wny  lo  th«  zinc. 
A  layvrof  oxidoof  ziDoou  tho  toji,  willi  tbo  zinc  plato  laiil  OD  it, 
is  thn  livst  prot«otioii  nguiost  this. 

319.  Cauitie  mMla  was  used  by  Rugnicr,  inHtoad  of  acid  iu  a 
Daniell :  ho  a»od  a  spoolal  porouv  jnr  iniulo  of  ]»robiDcnt  popor : 
for  slow  work  againvt  laivo  ruiivtanco  it  might  bo  useful,  as  the 
ports  of  tho  porotu  jar  fillwith  ahyitnttcd  »aU  of  ooppor  which, 
whil«  rMistiag  eDdoemoso,  ponuiu  of  oU'CtroIysin. 

330  SutMtATK  or  MKKCvav. — Tliirt  wa.1  introduood  by  Uarie- 
Davy.  ohittBy  for  prodncing  small  iutbrtuitU-iitmirrcnisof  gmt 
EUF  (l.j  Tolte).  His  coll  ia  a  aino  aiid  ciirboo  juir,  th« 
latter  of  wuchoxtomls  bu  tJio  bottom  of  tlio  vc«m1  and  dips 
isto  a  in»M  of  tlio  Kulphatl^  The  Tewel  is  Uimi  charged  witli 
wator,  wliich  dissolve*  a  small  portion  of  the  ault  sluwly,  and 
ihia  Bostatnii  tho  aotion,  thoadd  radicad  acliug  uu  thu  nine,  tho 
mercmry  di'[i(«ttiiig  on  tho  oarboo,  from  which  it  falln  and 
DoUm^  as  metal  at  the  bottom.  Tho  autiuu  can,  tlion<fL>rc,  only 
ba  snstaiood  at  tho  slow  raloat  which  the  salt  oultTni  intu  solutioD. 
It  has  gone  out  of  a«o  be<suu*o  the  mauji^atnu  cqIU  answer  tho 
practical  pnrpcwcs  to  wbioh  it  is  ailnptod,  and  Uiu  ohlorido  of 
stlvar  is  bettor  for  soiontjfio  um^k. 

32t.  S&iticsiuys  BArrFJiY. — This  is  a  reintrodiiotion  of  tli« 
Mario-Davy,  mado  more  practical  by  the  use  of  a  morv  frooly 
aolablo  tmlphato  of  neroury  enabling  much  larger  ourraitA  to 
\m  prodaood,  with  a  small  inUrnal  resiatanoo.  Of  oixinw  tho 
■olatioD  can  be  lued  id  any  oonv^nibDt  form  of  apparatus,  thoeo 
dssignsd  by  Mr.  6aiischi«ff,  having  their  details  well  worked 
ont. 

Ilia  solution  is  pnparcd  by  adding  ]  parts  by  woight  of 
'wator  to  I  part  of  bu(«  sulphate  of  mercury,  and  adding  strong 
snlphurio  acid  drop  by  drop,  till  the  salpllate  dissolves  and  a 
fnA  prodpitatioD  oommenoes. 

J31.  CLAKK'it  HnoCBT  Ctxu — Thia  was  deviiK<d  by  Mr, 
IjSttUMir  CUrk,  not  M  a  working  cell,  but  aa  a  standanl  of 
•leotromotivo  forov,  to  compare  vritli  other  cells  by  moans  of 
DDttdeoMrs  or  oloctroscopcs,  it  having  a  ooustant  eleDtromotivo 
tone,  whioh  thio  most  recent  deternunations  give  as  volt  1  '4346 
at  ts^C.  ItcoDsistaof  a  layer  of  pure  mervuryas  the  iwga- 
live  plato,  oonnectod  by  means  of  a  pUtinam  wire  in  a  glass 
Inbe.  On  this  is  laid  a  paste  of  inerciirons  Ku\p\igkVe,  'wuOq. 
ha*  ksoB  ioiM  to  a  tboroagblj  satumtod  eolulioii   <j?  txo^ 
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Bulpbate;  tW  poRitivoclonuDt  i>a  plato  of  pur«  rinnruetingon 
tho  pusto.  Morcuroui!  mlphato,  HgiSOi,  <uui  bo  nmdo  by 
heating  i  port  of  mercury  in  1 1  of  oil  of  vitriol,  taking  cnro 
that  tho  hoatdoes  not  rise  to  tnu  hoiliiig-point,  wliich  would 
proilaoo  morcuric  Hulphnte  HgSOt-  Tho  niiuiit  u  to  ho  wasbod 
with  cold  vmlor  ns  long  as  iin  acid  rogicitioii  iit  shown.  If  any 
inurcaric  itiilphat«  is  pre6ent>  a  j'uUuw  colour  will  Im  producod, 
aud  the  nuhatance  should  be  rejisctod.  In  fitting  up  the  cell,  it 
nho'ild  !«  wamiod  with  the  meroury  in  it,  *nd  tlie  pasto  inserted 
after  hoiling  to  i^x{hi]  air.  Tho  zino  ia  thou  placed  in  it,  and 
melted  purulliu  poured  on  to  exclude  air.  A  coll  Intvudod  to 
aervu  an  a  Mtuiidard  of  E  M  F  should  uevor  be  allowed  to  poM  n 
current ;  with  this  precaution  it  will  be  fairly  oonntruit.  Hutkt 
decreuefa  tho  E  M  F  about  -06  pur  ueut.  pur  degree  Cent,  for 
About  to**  above  or  buluw  15"  C.  Below  thiB  and  towurds 
0°  C  the  E  M  F  iucreasea  -08  per  degn^e. 

333.  Chloride  op  Sii.via  Okli.. — Thia  is  a  wire  or  platu  of 
Bilver,  upon  which  chloride  of  nitver  has  been  melted  as  acoBting 
of  "horu  Hilvur,"  in  a  Molutiou  of  Kino  ditoride,  uid  is  much 
used  to  work  aniall  puckol  mnl*  for  medioal  pnrposet. 

The  frw«hly^ric<l  chloride  of  silver  can  bo  fuiwd  Otw  a  gae- 
bonior  in  n  poroulnin  dinh  or  onicihie,  and  the  iiilver  dipped  into 
it;  after  receiving  a  film,  it  is  removed  to  coot  and  ro-dippod 
till  »  auffieiont  coating  has  adhorud.  ThiK  is  naruklly 
wntppetl  in  blolting-papcr  and  a  xinc  plate  pressed  against 
eaoli  side.  The  plattMt  are  ofton  attuchud  to  a  oaii,  which  screws 
on  tho  top  of  an  ebonitu  caso.  Thoy  are  to  be  dipped  OocusioD- 
ally  in  a  weak  aolution  of  chloridu  of  lino. 

like  cbloriil*  may  also  bo  used  as  a  powilcr,  in  the  name  way  as 
thu  Hulphato  of  moroury  in  tho  Mario- Davy,  or  it  may  be  mixed 
with  powdered  grophitOt  and  used  in  a  porous  coU  with  a  plate 
of  cartxin. 

Tho  rvautioii  is  rovorsiblo  and  might  bo  used  in  a  leoondary 
liutt«ry ;  but,  as  in  many  cases  of  otoctrolysis  of  ohlorideo,  a 
cousiderable  quantity  of  oxychlorido  is  produced,  which  is  not 
roodily  r«daced  again. 

114.  Uo  La  Ru«'s  calls  are  composed  of  a  cylinder  of  ohiorido 
si  inohes  long  and  j  of  an  inch  thick,  cast  upon  a  dattenod 
sUver  wir^i,  and  wrapped  in  a  tube  of  parchment  paper.  Tho 
wire  passes  through  a  stopper  of  paraffin  wax  (which  also  enrries 
a  BmaU  sine  rod)  losert^d  in  a  tont-tube  1  inch  in  diameter  and 
;^  iaehes  long  :  tho  solution  is  ammonium  chloride  200  grains 
to  the  pint  of  water.  The  B  M  F  is  1  'o6j  volte,  and  tho 
jvaiaiuaon  3  to  ^  oiuDs,  incraaring  as  osyablonde  forms  on  tho 
xfno Bometimoe  to  jo  or  40  ohma.    Tluaoeiioavl  <»n  Vm  tvmoved 


irrraic  acid. 

liy  di[)piiiK  in  dilute  bydrofiilonu  acid.  Tho  txilU  luo  inonntnd 
ID  ntokn  like  t««t-liil«i  iiUndii,  and  Ur.  Wnmin  do  1«  Ra«  had, 
ft  «ollttetioti  of  14^00  NDoh  ovllv,  with  whiohhoperformvd  aumf 
fattortwUne  tixiieriuieuta  al  thu  Royal  TnHtituti<m. 

jaj.  S^jiiate  0/  lead  ha*  often  licon  iwo4  in  Wttencs.  and 
a  patent  waa  takMi  out  for  wtiag;  it  in  a  cnrica  <>f  onpa  of  oortpor 
6x«(l  on  a  oopper  rod.  Jliit  tho  olcotminotiTo  force  i»  low, 
thoagh  faiHj  oouaiant,  aod  th«  ooat  ■  17)8  of  a  penny,  Ka1>J«ct 
to  any  raidiiuy  value.  It  can  bo  ued  willi  Hnl[iliat«  ot  zinc 
aolntion,  or  witli  oomtaon  aalt,  which,  howoror,  carries  load  to 
thn  xiao  plat«,  and  utidftrgoea  a  curiouH  reootion,  by  irhicli 
■"liuta  &pp««ni  to  react  npou  part  of  tlio  load  auliihato  and 
i;utierat«  a  aulphide,  whion  ultimately  girco  off  iituphurottod 
hydrof^. 

jafi.  The  next  great  olaas  of  generatora  conaiatit  of  Uioao  Id 
which  ozYgeo  or  oblurine  are  pi««eut  at  tho  uoeative  plate  in 
•oaweauly  disturbed  atate  of  oombinaliou.  Of  theae,  suoh  anb- 
atanoes  as  ohlMide  of  lime,  permanganateefpotaab,  chlorate  of 
potaah,  Ac,  have  been  vaed,  but  ounaideFttiona  of  eoouuiuy  and 
ounveoieiKw  render  nitric  and  ohrotuto  aoida  the  luust  useful, 
and  Int  for  the  fumea  givun  off.  which  are  iujurioua  to  health 
and  HUTODnding  aubnlaiicea,  uilriu  acid  would  be  far  tlw 
beat. 

Nitric  add  hatteriea  are  knowD  aa  OnK^»  and  a*  Bnntvn'g, 
Ilatiiium  ia  niiod  in  Uio  Grove  and  carbon  in  tho  Buti«eil. 
Form  and  oonatruction  are  greatly  varied. 

32"}.  yUrie  ilrjJ.—Tbia  Li  a  aohition  of  tlui  tnio  iici'd  HNOj 
and  varica  grtntly  iiiMlrcngth.  Titc  follovring  titblc  show*  tho 
Talae  of  tho  moat  impurtanl  atieDgtha>— 

Strksoth  or  NrrEJc  Acid, 
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3,  ia  1  UNO  4-  1  HjO,  formorl^v  oallod  iho  and  hydrate. 
),  is  3  UNO,  +  )  11)0.    Thifl  distils  unchanged  bt  148°  Fahr., 
and  iH  the  stivngth  to  which  boiling  brings  &>th  stroogcr  and 

1       weaker  acids. 

I  4,  is  an  ordinary  commorcial  Ktrcngth. 

6,  is  donble  aquafortis. 

I  6,  is  single  aquafortis. 

An  impiiro  fuming  add  is  obtainaMo  which  cannot  bo  Tftlsad 
by  sp.  gr.,  as  it  contains  sulpliiiric  ncid  and  otiwr  nbrtMwea^ 
bnt  serves  fur  batter}'  nw.  The  bc»t  tvul  for  this  purpose  ia 
K  small  Orovo's  ooll,  into  which  11  mcaxurt.'d  i^tmntity  can  be 

i       plnoecl.  HO  that  tho  current  it  gvncrutMi  on  ■  known  gufvanome- 

'       ter,  and  tho  timu  it  will  mitiiitaiii  it,  om  bu  obserroa. 

12S.  The  reacfion  whii;h  uccurji  ih  v«ry  tiuuiplicatod,  and  varied 
nt  diflumut  stngtrH  of  t.ht;  (ii;tii)ti.  UNO;,  may  loso  one  n turn  of 
oxygon,  becoming  UNO,  nitroiw  acid,  imd<:r  twn  tinita  of  ftotlon 
which  provide  H,  to  f>nn  H,0  wutor  :  but  dih-  atom  of  Iiydrogea 

I  is  equally  abin  to  tiik«  up  uno  of  oxygen  togoOu'r  with  tho 
hydrogen  of  the  acid  ;  thux  HXOj  +  H  l;uc<imcs  HgO  +  NO,, 
or,  the  some  reliction  taking  (>1im:u  with  tho  n«iiduc(iiitroUfliicid) 
of  Ihe  first  case,  UNU^  +  11  trtwouios  H^  +  NO.  Part  of  the 
acid  is  ovcu  totally  doo^idiKcd  and  coiirortvd  into  ammonia 
which  unites  with  the  acid,  and  may  then  lie  r(sduci.Hl  to  nitrite. 
In  each  of  thcBo  casv*  tho  work  done  electrically  by  ono  atom 
of  acid  would  bo  dillvrunt ;  and  fortbii  rcuuua  Ino  vleotromotiTO 
force  falls  off  as  tho  action  proocodn.  AVhcii  uolls  urv  used  for 
producing  largo  currents,  tho  rvaction  whioli  occurs  is  oonfinod 
to  tho  giving  upof  one  oquivolont  of  oxvgcn  to  one  of  hydrogen ; 
this  reaction,  which  must  bo  oonxidorctl  tno  normal  ono  to  which 
the  K  M  F  of  I  -6  volt  comsponils,  continuos  as  long  as  tlio 

I      strength  of  tho  ncid  is  owr  sp.  gr.  1 '  i6,  hut  from  that  point  thu 

I  E  M  F  lowers,  iind  on  tlio  other  nniid  niuru  coononiicnl  reactions 
take  place.  It  i"  oridont,  tluMi,  that  tho  autlon  ought  to  bo 
cunsiderod  from  thcno  dinlinct  points  of  view. 

ajg.  When  the  Imttcry  is  working  for  gniitforou  and ourront, 
the  acid  should  nut  bo  it'duccd  Wow  sp.  gr.  i-i^6,  lino  7  of 
the  table,  and,  thon-fiiri!,  tho  working  power  of  the  uoid  is  roilly 
7j  —  4j  =  JO  units,  leaving  nearly  two-thinlrj  dm  mitoh  behind 
utmsea,  liesiides  wtiutovor  oxygon  might  be  utilised  boyond  the 
first  equivalent. 

This  acid  is,  thervfote,  avuilahlo  for  further  use.  for  purpoMW 

in  which  so  ;;reat  E  M  F  and  such  eleitdy  constancy  are  not 

BMoaaaiy  :  it  might  then  bo  roducod  to  sp.  gr.  1  - 16,  at  whioli 

ativogth  it  irouUi  sti'I  retain  about  j  \  per  cent,  of  acid ;  bat  the 

romoCjoiui  would  bavu  givvH  j  equivaVonU  ot  ux^'^sni  iu  \>laco  of 
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1,  ati<l  ther«rorc,  tb«  wurk  of  tho  )wund  of  acid  wotittl  1m  7}  ■> 
jj  =  JO  X  J  =  i^oututo. 

Beadea  tho  cumttunptioii  of  luntoriikl  nenled  for  Hie  ounvnt. 
there  is  •  whsIq  1^  awluamotio  ftotiooa  of  from  6  to  10  par 
eeiiL 

2)0.  AtjUJi  ReoiaIs  OKol,  with  liyilrocliloric  Acitl  Id  tlio  zinc 
oell,  RO  lu  to  mitko  chlorine  tlii;  nctivu  ugout.  I  b<?liDve  its 
in 1 1  od action  nna  dnc  to  M.  d'Anxriiviil,  lui  Hia  result  uf  «  Bories 
of  \»itiftblv  uxpcrtiacnta  on  the  working  of  batt«rie«;  but,  of 
coone,  It  bu  long  been  knuwu  that  c^oriufi  and  tho  various 
■imilar  «ab«tuice8  which  will  iiniie  with  nMoent  hydrogen 
mn  avkiUbbi  in  tb«  httttery.  U.  d'AtwMivuI  reoomincndM  an 
•pM  r«upa  ooni[ioaed  of  equal  voIuium  of  tiitrtu  acid  e)>.  gr.  1  ■  ij 
Mid  hydrochloric  acid  wit^  a  votuiuH  of  water  euuarto  the 
aefala.  The  object  of  tbo  dilution  is  to  prevtjtt  the  forming 
uf  oiltouH  fumes,  but  it  is  obvious  that  Ihe  E  U  F  muni  In 
lowvr.  There  is  aW  an  advautafje  in  u-ing  water  cvntatb' 
lag  t  in  20  of  its  bulk  of  il^HU,  instead  of  simple  waUti. 

3JI.  TJp«'A]ti>'s  Ciii/irim:  Uaiteiiy. — This,  when  inimduc-d 
in  1 985,  lif  Uetsrs.  Woodhoaec  and  Kawson,  prumised  to  bti  vida- 
ahlo.  iui  EMPisconstant  at  volt  Ji,  and  there  is  very  little 
waste  of  zinc.  The  chloHne,  ^eueruted  as  Beeded,  go««  to  the 
carbon  I'lato.  and  taking  up  the  hj-tlrogon  fornu  faydrocfalorio 
Mdd  dc4h1oi1  to  act  on  the  zinc.  The  practical  difllcaltics  uf 
fliwlira  with  chlorino  probably  praved  too  great,  but  tber«  is 
oartuDly  an  openinf;  here  for  norkcrs. 

jja.  CBRouic  Acid  Cells.— The  acid  itself  is  now  obtainable 
•o  obeaply  that  it  will  supersede  the  various  salt«  hitherto 
employed,  and  which  act  through  the  chromic  add  they 
contain ;  hat  it  may  bo  convenient  to  oommenoe  with  the  more 
bmiliar  forms. 

Bif-krtmaU  0/  jxrfdsA  is  not  a  tme  twofold  add  salt  liko 
bisnlfihate  of  potash,  bnt  consists  of  one  atom  of  chrumate  of 
p'tiuiti  and  one  of  chromic  anhydride,  KjCrOj.CrOj.  Its 
fonaula  in  generaUy  written  as  KjO,jCrO„  or  K,CrjO(,  making 
its  atomic  weight  on  tho  new  notation  igj '  1, 

It  is  commonly  siippoeed  that  the  efiect  of  the  addition  of 
•ulpfaario  add  is  to  convert  the  potassium  sallintoohromlo  add 
and  aulphate  of  potash.  But  be  the  pr«liuiinaty  action  what 
it  may,  the  action  of  the  battory  is  to  convert  the  aalt  into  chrome 
alam.  The  usual  modern  formuha  disguise  this  action,  which 
ta  ([uitv  intelligible  when  we  roganl  an  alum  as  a  t'onibiuatiuw 
of  a  ■(•fiwi-snli-'lute  IL,"  jSO,  with  a  proto-B\i\(iUaW  '^^^lyci* 
aryBt»lU»iof  w/tA  24  atoms  of  wator.  Thtt  tottitomw  m*it\x\» 
aoiliag  iwo  atMOM.  aoiutobavo  n   valuuoy    ot  6  \«m%  eVCttoT 

It  'i 
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nlutnitiiiim,  iron,  chramhiiii,  <l-c.,  wliilo  tli«  inonntomio  buo  In 
tisauUy  iKituiwiiiin  ur  Amindiiium. 
>]}.  Tho  aoUon  cud  bo  ntatwd  an 


f&?    }+4H.SO,=  |«^f;^t).[+4H,0  4.30 
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jHjSO,  =       jZn.SO, 
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That  is  to  say,  i  atom  of  bicliromata  of  notuh  with  4  of 
sulphuric  aoid  j^iree  oxyi^n  equivaleut  to  the  nydrozon  <l<)nvod 
from  ]  atoms  of  rioc  acting  on  j  of  sulphuric  acid.  This  is 
oqii&l  to  fi  units  of  oorrent,  and  makea  tlie  electric  oqiiivftleot  of 
the  potash  salt  under  tiieae  oonditions  about  50  graina,  whioh 
(luautity  requires  66  bv  vwght,  or  }8  by  measure,  of  xulpburici 
acid  to  effect  its  own  decomposition.  If  the  atud  to  act  on  tho 
Eino  ia  to  l>o  provided  in  the  same  solution,  an  additional 
equivalent  is  needed,  making  the  qusjitity  for  each  unit  of  work 
1 1 J  K'^'"^  ^y  weight,  or  C6  hy  meesuie. 

214.  Owiu^  to  tho  insolubility  of  the  salt,  the  solution  ia 
weak,  a  pint  beiug  only  about  J5  unit«,  therefore  a  laiW  iHiroua 
cell  muat  lie  used,  unless  the  zinc  ia  placed  within.  The  twual 
dinotiiiUM  for  preparing  the  solution  are  to  diBSolvo  j  ox.  of  tho 
wait,  in  a  pint  of  water  by  aid  of  heat ;  and  when  oocl  add  ooiy 
twelfth  its  bulk,  or  1  oz.  of  sulphuric  acid ;  but  this  iserronooiu: 
it  only  aupplies  the  first  4  u^nivaleuts  of  acid,  and  though  eivon 
for  single-cell  bicbromalea,  is  only  suitable  for  a  doubIe-«ell  in 
which  acid  is  used  bcaidM  to  dissolve  tho  Kiuo,  In  order  to 
utilise  the  salt  compk'tvly,  nnuurlyequol  quantity  of  acid  should 
be  added  when  the  action  Iwcomos  sln};gisb  ;  if  added  at  first 
it  causes  too  groat  local  action,  and  this  ia  always  very  great. 

The  eloctiomotivo  foroo  faU«  rapidly,  and  the  resistanoa 
increases  with  thin  aolution  oa  the  chromic  alum  forms;  thit 
iiltio  frequently  crystalliEM  in  tho  solution  and  upon  the  carbon, 
no  tliat  it  is  bad  economy  to  work  it  to  oxhaustion.  The 
chauK^  of  colour  to  given  indicates  the  completion  of  the 
react)  ou. 

2}$.  Bydrt'cKtoric  luid  used  instead  of  sulphuric  avoids  many 
of  these  defecte.  Tho  solution  can  bo  prepared  with  equal 
volumes  of  the  cold  saturated  (olution  of  bichromate  of  potash 
and  of  hydrochloric  nclil.  As  tho  raaotion  ptx>duoas  a  neutral 
chloride  of  chromium  instead  of  se>qui>«iilpnate,  the  equiva- 
lent is  37 '  5  instead  of  50,  to  that  1  molccnlo  (395)  of  the  salt, 
fc/^  a  Atoms  HOI  is  equal  to  the  production  of  S  nnits  of 
oonvot,   nxiairing  s   fuithor  8  atoma  (14  in  all)  of  «otd  to 
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disBolve  Uw  four  fttonu  or  8  eqnivalento  of  mo.    No  n^staU 
Ibrm  in  this  soladon. 

iyC.  VouitCt  red  tall  i§  ocuvement  for  uaaUnre  who  wish  to 
avoid  tba  trouble  of  Boida ;  it  contAins  the  acid  in  the  propor- 
tioD  of  tho  fonoalft  S  ajj.  It  gives  tho  umo  EUF  as  tho 
ordioAry  solutioo,  and  in  nith«r  more  oonstant,  but  prodiioo*  a 
gnmtor  rMtstanco.  It  ahotild  bo  dissolved  to  to  3^  parts  to  thu 
joo  of  water:  that  is,  4  01.  to  J  oa.  in  a  pint.    IicoOHistsof 

140  C86  39; 

which  M  probably  dianfCMl  by  tha  aotion  into 

a  NaHSO«  +  3  KHSO«  +  3  CK>,i80,  +  7  watot. 

It  U  uuuJe  bjr  dinnlving  th«  snlphsto  of  noda  in  th«  heat«d 
add,  and  ((nidaallj  etirring  in  the  tnohzotnate ;  it  in  iheu  pourvd 
into  iDonliJs,  and  after  cooling,  rsmoved  and  brokou  up. 

317.  Bielirtimale  of  ttiAa  intn>diu)ed  a  fow  yean  ago,  ban 
many  adrantagui  ov«r  the  putaith  aalt.  IIh  i>:aiotiouB  are  Uio 
■ami),  bnt  th«  soda  alum  (if  formed)  doen  nut  oiyBtalHie.    Its 

nt  au|>«riority.  hovraver,  is  it«  muob  greater  aululnlity.  It 
ilvM  in  an  equal  weight  of  water,  aad  the  aolution  takai 
half  ita  bulk  of  sulphuric  acid.  Aa  this  solution  is  at  least  4 
tinitii  as  ooocentrated  as  that  of  the  potash  salt  S 1  }4,  it  not  only 
works  loti^r,  but  it  does  not  lower  its  EUF.  Thi^  will  be 
uiderstood  by  rofore&oe  to  %  314  ;  the  same  remark  apgUes  to 
chromio  acid  aolntioo  ;  in  fact,  thero  is  a  great  r«««Dibtatic«  in 
the  working  of  thoM  two  oxidants.  Tho  pnr«  acid  is  howevur 
preferable  ^  any  attempt  is  tnado  to  ntilizo  tho  producu  of 
woricioi;.  which  may  bo  dooo  by  throwing  down  the  zinc  and 
taaqnioxide  of  ohroaiium  to  produce  paints ;  in  this  cue  the  soda 
introdaoes  tjoublo  bm  it  in  very  difSc-nlt  to  get  rid  of. 

jjB,  i^mmc  and  {more  correctly  ohromio  anhydride)  la 
now  produced  by  SuUivan's  prooMR  at  a  cost  mr  IK  not 
greatlv  in  exovwt  of  that  uf  Uiv  hiobTomate  of  polaan :  tho  acid 
as  sold  fbrbattoni-u»es,conl»iuaab(int  6;  per  c«Dt.  Cr,0,,  which 
i»  abont  tho  mmu  as  tine  jKitaoh  Halt,  but  tho  othor  coutttttncnt 
ii  HjSC^  instoiul  of  potash,  nod  is  nscfiil  instead  of  noxious. 

Toe  solntiun  in  mutli*  with  1  Ui.  in  1  pint  of  wator,  and  7  flnid 
mtDMS  of  sulphuric  acid,  and  the  ruHtiitsnoc  of  this  is  about  the 
nine  as  thai  of  nitric  add  ;  its  workinj^  ntri'ngth  or  ooncentra- 
lion  is  five  or  nix  tlmta  Dial  of  the  jwtush  6o\u\k>'n,  v\\>\  X^iq 
rmnWxag  ftot^iataa  o{ EM T  nnA  citrrttnts  tuuQtion«i^^  2'\-i. 
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Tho  action  may  be  oompared  wiUi  that  or  the  potaali  aaU 

ioi  294  jqj  54        49  ( 

jZn   +  }H,jSO«  =  iZoSOt  +  6H 

iq^  1'^  4^1  f  I 

The  actual  weight  noededof  the  oommord*!  article  wouid  bo 
ttbout  joo  in  ]>laoe  of  207,  but  it  would  supply  100  of  the 
H,SO,.  HO  that  theeeara  tho  figarestobecoiuimrfd  with  the  395, 
01'  i>ractically  joo,  of  bichromato  of  jiotaah.  when  ooiiBidering 
the  relative  casts. 

3)9.  Id  Fig.  i6a  I  give  the  reeulta  of  a  oompaiison  of  theao 
reagentH;  I  u§cd  a  poroun  cell  contAiiiitig  with  the  carbon  plalo 
400  grains  of  the  Hquid  to  be  tested ;  the  isiQc  platea  in  add 
l-io;  tho  coiiditioDs  aliko  iu  each  cneo.  and  the  oxt<Tiukl 
cirouit,  consisting  of  a  tangent  gatvaoomcter  and  a  ooppor 
voltameter  to  measure  tho  total  work  done  hy  vadh  roagvnt. 
The  current  is  shown  in  the  curves,  wJiiob  convey  more 
complete  information  than  pages  of  di-eoription. 
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The  horizontal  lino  is  time  of  working  in  honrs.  and  the 
vertical  line  is  currents  in  tenths  of  amperos,  and  tho  ciirvcs  of 
onrrent  bring  out  the  relativo  values  very  clearly.  Tho  rariid 
fall  of  power  in  tho  bichromate  of  poUsh  is  vorr  ovidont.  The 
chromic  acid  nnd  bichromato  of  eodamn  och  otlioivorydosoly. 


but  the  aoid  do(«  moKt  work. 
/fW/wnV  JV>  nil  the  othen. 


But  thi.'  uilric  acid   is  vaatly 


The  work  <lone  in  ampere-liuiira  was 

Nitrk  aoid     i6' 

Soda  biohromate 5> 

Potub  btoltTxniutt«       1*7 

Chronio  add        6*4 

BottoitS's  solation.,      ..      9- 

340.  It  mav  be  osefal  to  give  tlio  rotative  resisUncee  of  the 
variotre  llquida,  which  I  ntc«stirc<]  in  the  inatrnmeDt  d«acribed 
In  the  chapter  on  ReuetaDOO. 


I.  Siili>hiirio  add  1  vol,  water  13  .. 
].  Sulphate  of  copper,  sat  »o). 
).  Same,  +  }  vol.  of  lioe  t 

4.  Potaah  bicbromale.  eat.  eol. 

5.  Same,  + 1^  vol.  snlphiiric  acid  ,. 

6.  Soda  biohromate,  eat.  sol 

J.  S  ij".    Samp.  +  If  vol.  eulphario  acid 
.  CfanHuio  ooid  1000,  water  iijo  .. 
9.  f  2]8.    Same,  +  sulphuric  acid  .. 
la  Nitric  add 


8p,0T. 
1-085 
117a 
I-.5J 

I'lJO 

I '411 

1-553 

>»n 

'454 

'•375 


KniM. 

60 

656 

-o 
330 
&0-4 

48-7 

57-9 
56-9 


Tbeae  reaietaocea,  however,  vary  bood  afi«r  eome  action  haa 
gone  OD  in  tlie  cell ;  tho  niti-tc  add,  in  particular,  lowers  its 
reajstanoe  greatly  as  it  beoomee  eataratod  with  the  tiitroun 
gWM  (^nerated  by  the  action. 

341.  Bollonfa  ttJulion  coneiete  of  chromic  acid  C  paila.  water 
10,  chlorate  of  potash  |  part,  and  sulphuric  acid  t}  paria  by 
wd);bt.  As  will  bo  kwu  in  Pig.  j6a,  tlio  chlorate  of  potjuth  cod- 
stdL-rablv  incrc««c«  tho  EMP  and  the  working  capacity,  1 
Ihiak  tfile  is  duo  partly  to  Uie  giving  off  of  a  little  gas:  this 
however  haa  itHobjvc'ions.  an  in  thceaao  of  nitric  acid. 

342.  yitrie  aeid  teilh  bk^romate  0/  potash  has  been  highly 
spoken  of  by  eomv  wriliTH  a«  giving  a  constant  current  and  no 
fuiuce.  It  i»  truo  that  the  coitstunvy  of  the  ciirront  is  improved, 
tint  after  a  litllo  time  the  Aimce  are  given  oS;  tho  reactiuu  ut 
•imply  the  reosidation  by  the  bichromate  t'f  tho  reduced  uitrio 
acifl.  The  aolution  recommended  in  a  sikttiratvd  eolation  of 
bidironiate  in  nitric  acid,  witli  one-third  volnme  of  eulphario 
add  added,  aud  just  enough  watvr  to  di«Kolve  any  chromic  add 
prrcipituiod. 

Itut  )lr.  J.  W.  Swan,  who  is  a  good  authority,  mn  that  the 
addition  to  rhrituie  add  of  one-third  ita  wdght  of^nitrie  add 
givi's  a  g>^at  iinpnivuinent  In  conalancy  without  TiTOJ^&QVa^ 
fameii.    Tbia  ww/Jd  bff  rfue  to  tho  giving  off  gais,  wVVcb  T«w«ivt>» 


in  Hulutiou  nnd  is  rooxidised  by  the  chromic  acid.  n«  also 
ntntcs  tiiv  Romcwhat  curjoui!  fact  thnt  this  Bohition,  wbilu 
wnrking  w«ll  with  n  cftrWn  pUtc,  foiU  with  a  plntiDum  ono. 

ii^.  Alhaline  nilralct  hnvn  lit^i'ti  pri:>iH)HiMl  in  plitcc  of  nitric 
iLciil;  in  fiic.t,  ttioy  »ru  tho  liiugx  <.if  npvi,t<i1  (if  tiic  later  pnt^'ntixl 
liiitt«ri<M  of  which  41111!  huiint  very  wonitcrftil  iicuciuntii  uiil  liighly 
HtictiOMifii]  itinliiUutiouK.  hut  whiuh  nvou  iK^nci'iid  to  an  vnT\y 
^riivi^  iwjKtciiiUy  if  a  DOnipaiiy  in  funiiird  tu  wcirk  them.  Wlu-u 
II  nDlutiuD  (if  ihviK!  iiitrittcn  i*  mixed  with  Kiilphnric  add,  a 
rouotion  Ukki-s  y\in:v  by  which  tho  huM!  ih  dividiril  )K.'tn'i-i>n  tha 
two  auitlfl  iu  rutiuH  (lejiciicUriff  <ia  tlie  rolativu  pro])orti(>ti8 
prcdcnt;  huoov  roitultA  ii  Holutiun  containing  a  propurtiim  of 
frco  nitric  acid  whiuh  acT.n  in  tho  ii^ual  manner,  while  the 
reniaining  ititric  ucid  it*  only  eot  freii  as  th«  action  of  the 
battviy  )irooeed».  Nitrate  of  sixla  ia  l^est ;  it  ia  cheaper  by 
the  pound,  it«  equivalent  is  loivijr,  and  tbenifore  th»  pound 
does  more  work,  and  it  ta  very  much  more  eoluhlc,  and  therofore 
a  much  more  active  Hciluticm  is  ohtuined.  It  is  no),  however, 
generallv  known  that  watec,  wlieii  fully  saturated  with  ono  of 
these  salts,  will  alill  dijttolve  nearly  as  much  of  the  other  as 
though  it  were  pure  water,  and  thuo  the  slniiigcst  eolation  is 
mode  by  diimulring  lK>th  the  salts  together.  Wltli  nitrate  of 
aoda  at  ji.  per  \\)^  llie  coitt  of  the  atom  of  nitric  acid  obtained 
from  it  ill  the  cell  is  '04;€,  agaiunt  ■  1096  of  the  acid.  But 
such  ticlntii>ns  hare  a  vaatJy  grcAter  renintaucu  than  the  simple 
acids,  and  are  not  lit  lor  generating  energetic  currents.  They 
also  give  a  much  lower  B  M  F. 

344.  A^y  tiibttajtee  etiitlainhig  ttj/ffeJi  or  chlorine  in  wuHMe 
combination  may,  in  &ot,  be  used  at  the  negative  plate,  and 
invontoni  and  pateBtees  are  foud  of  tci^'ii'K  ^^"^^  name  to 
and  claiming  the  ose  of  these  (see  S  202).  Thus,  solutiona  of 
chlorate  or  pennaugaiiate  uf  potash,  chloride  of  limo,  and 
many  other  Bubstuiiccs  arc  arailable,  and  may  I10  useful  nndor 
Home  circumstauce««,  as  to  which  sec  also  H  f]^-6. 

J45.  Jiatlery  etmtlnielion — It  is  waste  of  time  to  dcHoribo 
mere  variations  uf  shape  and  arrangement ;  I  prefer  to  explain 
the  prinotptee  which  can  bo  adapted  toanycaso.  Thus,  we  have 
two  names  for  nitric  acid  cells ;  the  Qrote  has  platinum  fur  itn 
negative  plate,  while  cArhon  is  used  in  tho  Riinwou,  and  wo 
an>  practically  limited  to  these  two  eubHtano<;ii>. 

Iron,  whether  wrought  or  cast,  though  often  praised,  and  nsod 

long  ago  in  the  CaJJau  or  Maynoolh    batteries,  is  a  mere 

onnoraRCO :  it  aosumes  what  ]ia«  been  called  the  poarivs  itatir, 

iu  ri-iiich  gtTvng  uilric  acid  hoa  no  action  on  it.     This  state 

tioamta  in  tho  /(iriiMtion  of  a  film  of  iroa  oxide,  insoluble  in  th« 
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wtiMir  •Old.  Wbon  th«  itdd  weakens  th«  |>rot«ct)im  failft,  tho 
Inu  w  ftct«i)  on,  and  tbc  acid  boUs  over.  Its  E  U  F  is  lunoh 
law«ir  tlmn  Uut  of  carhoii. 

At»mi»ium  hss  bom  eaggoAtod,  m  not  sctod  on  by  nitric  scid ; 
ft  doubtfitl  HUteuicnt:  iteE  M  F  is  Iowlit  thsn  titat  of  Cftrbon, 
■nd  this  mcAun  wavtu  of  scid  snd  einc. 

946.  Platcndm.— This  is  by  &r  the  b(«t,  oxctpi  for  its  first 
OOBt,  Sfc^inst  which  langt  be  ft^t  tho  fact  tbst  nftttr  prolonged 
OM  it  ksa  two-lliirds  iiK  firet  vnluir,  nml  is  not  diminisliod  in 
quantity.  As  a  rtilo  iilatinnin  is  uiic<t  too  thin,  wliieli  Itas  tlio 
doable  dcf>^  of  liability  tQ  iiijury  and  of  pro>lticing  rmtstanoo, 
sa  tb«  metal  is  low  in  ccndiKrtivity. 

A  modification  <if  the  old  Shcffiuld  plating  iniglit  nroTO 
valuable :  a  slab  of  ooppcr  tinnod  and  iruvurtHl  with  plalintiia 
sbaet  Moldered  to  the  cot>]ii:r  and  thun  rollud  down,  wuitld  givu  a 
plato  with  the  conduetiviiy  of  ooj>|)er  and  yet  the  EUFaud 
•odnrann)  of  jilatiuiiui.  If  depcsiled  metal  weT«  not  jroroiia  an 
nooUont  plate  t&ight  1>e  produced  from  it  in  tUU  luatmer. 

Svfau  c/^aU  is  of  ytjvAX  impoTlanc«,  simI  it  ie  well  to  oorni- 
gatr  Uie  platinum  vertically,  both  to  inoreaae  tho  surface  and 
to  give  rigidity  to  Ike  metal ;  and  it  is  alao  au  improvement  to 
deposit  very  slowlv  a  coating  of  crj-alalUne  pUiinnm. 

247.  (jailbos. — 'l*hi8  is,  electrically,  as  |j;ood  as  |daliaum  ;  in 
(act,  it  has  a  slightly  higher  E  M  F.  The  otijeoUona  to  it  a)« 
ils  brittJeDWB,  ita  tendency  to  toak  up  the  liquid,  the  dilficulty 
of  malciae;  a  good  oonnectioo  to  it.  and  the  risk  of  eating  away 
the  RNtaloon tacts  and  forming  some  non-conducing  8uh&t«uoe 
•1  the  junction.  Osrbon  has  several  allotropio  forms,  as  the 
dLBuioDtl,  charcoal,  and  graphite  or  plumbago.  Tho  last  ie  used 
lit  liathrriM  in  its  tana  of  gns-carbcoi.  This  is  not  r«kt ;  coke 
is  the  Mdid  rtsidnx  left  after  oistiLiing  ooal ;  tha  grajihile  comes 
fnMB  tlio  jru,  the  rich  liydrocwboos  of  which  are  docompueod  by 
tnotact  with  thci  hoatod  roturl,  on  which  tlimr  form  a  shell :  in 
tlw  goH-wiirkM  it  in  called  "  scarfing."  I'ho  densest  and  hardest 
!•  i)i<  bml  Cur  elccirioal  ase;  it  should  bo  almost  nuD-absorbont, 
kci>l  riiigi;  lik<-  a  mi'ta)  when  HtTuck.Hnd  have  nolmr  gr«y  colour, 
li'jl  lilack.  Tho  livat  modo  of  uutting  corbon  is  tluit  employed 
\'y  stoue-t- utters,  by  means  of  a  piece  of  iron,  idiarji  nlvvr  sand, 
■ml  water;  important  eleinontti  of  tho  proccns  oru  time  and 
kbcinr,  fur  the  material,  if  good,  is  very  hnrxl  to  work,  and  this 
is  the  chief  element  in  the  cost. 

248.  Aktitioal  CaRBOxs. — Phitcs  or  blocks  may  be  made  of 
powdered  grsphito  mixed  witli  ooal>tar  or  strouK  rioe  paste, 
drie>l,  packed  10  powdered  oarlxiu  in  a  closed  vosscV  anA  VcaVe^ 
lu  clear  iW  Rirmtao  time.     Whvu  cool  tliuy  ehuu\&  \»  Kn)fc*A 
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in  •trong  VTmp,  agaio  drio(l,nnd  treated  ob  IwfoTO ;  this  _ 
must  be  ropmted  nutil  tlio  cftrlxin  ia  perfectly  ilouftu  and  »t;  _,^_ 
In  tliiH  w»y  nro  nudo  0}'liniln<ail  veBsulit,  left  somewhat  pormis 
t()  bold  tho  ncid  and  sot  Uie  twofold  part  of  puroui  jat  ai]d 
niTgntiTO  ptato ;  many  of  tho  plates  and  blookx  ui  batteries  of 
Freiioh  make  are  thuit  made,  and  work  fairly  well,  but  under 
Bumo  olieiiiioul  reajteats  Ihuy  brmk  up. 

A  ncrc  qaalily  of  carbon  madu  in  this  manner  in  now  at  our 
ditipriaal  in  the  thin  rods  (trac.  carbon  wirea)  made  up  for  the 
oloL-trio  arc  liKhta,  which  are  also  useful  fur  reaistaooea ;  they 
aro  valtinble  for  batteries  because  of  their  deOBity  and  fVeedom 
from  CTOcka,  as  also  for  the  ease  with  which  they  can  bo  arranged 
to  give  Urge  surface  in  small  apace.  Defective  rods  may  be  had 
cheap  ;  the  to]>s  should  be  coppered,  tinned,  and  soldered 
strip  of  copper ;  or  they  may  be  roughened,  and  a  hoad  of 
csiit  npon  a  number  of  them.  They  ebonld  then  be  carvfal 
paraffined  to  resist  liquids. 

345.  OoNSEcriN'i  Cakbons. — This  ia  tho  great  difficulty ;  it  in 
commonly  done  by  6xing  a  clamp  on  the  o»<l,  when  a  pioov  of 

f'latinnm  ouji^ht  to  be  inteqrased  bclvrcco  tho  two  anrfaoos.  A 
Kjttcr  plan  is  to  deposit  copjwr  on  tbo  upper  port,  and  then 
Holder  the  connection  to  it,  as  this  gives  continuous  cironit;  the 
copper  takes  on  it  just  as  it  would  on  a  metal.  There  is  ono 
drawback  to  this,  the  same  in  fact  which  roquirea  tlio  pUttnum 
interposed  in  tbo  dm  plan  ;  tho  acid  both  cnoops  up  the  sur&loe 
and  Noalis  into  tho  gnbstunco,  and  then  acta  on  the  copper  and 
d(;»troyH  the  cnnnection.  I'hc  following  plan,  which  I  devUod 
many  yean  n^o,  is  u  pmtijotion  against  thin,  provided  it  lie 
thoroughly  eamr-d  out : — 

Heat  Uie  end  of  Uie  carbon,  and  touch  tiio  part  jiut  buyond 
where  the  ooppcr  is  to  extend  to  (which  ahonld  Ixi  about  half  au 
inch  tnaa  tlio  end^  with  a  piece  of  paraffin,  taking  care  it  does 
not  run  up  tiie  part  to  bo  dejMsited  on ;  aliould  it  do  so,  it  may, 
however,  ne  dnvuu  off  by  strong  heat ;  whtu  cold,  cut  a  few 
scores  in  the  surfaoe  to  give  a  hold  to  the  cupper,  and  drill  a 
hole  through,  in  which  fix  firmly  a  copper  wire  projecting  on 
each  side ;  now  with  a  worm  iron  spretiil  a  good  film  of  paraRln 
from  the  intended  coppering  to  the  part  to  be  immereed  in  the 
ti<Iiiid  when  working,  (.'onneot  a  wire  to  tbo  carbon  by  a 
screw  clamp,  and  insert  in  a  copper  solution,  arranging  at  first 
for  a  quick  deposit  to  pi-evenl  eutrauoe  of  cnoieturo  into  tho 
port«  of  tho  carbon.  When  a  good  deposit  ia  made,  drill  a  few 
IiolvH  riglit  through  copper  and  carlxin,  soak  in  walcr  to  remove 
flvy  aliBorbcd  copper  salt,  and  dry  it  thorongbly.  Xow  tin  the 
pai-t  to  which  the  buidiitg-sciow  or  oonnecting-wiro  is  to  be 
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•oldend.  nnd  stuml  (lie  cuImu  with  iU  coppered  foxi  Id  m 
TMBbI  co&tAiiiing  a  little  melted  pualRn  till  ita  np{]«r  part  b 
mtmted,  tho  boles  being  iiit«tided  to  insare  tlitH.  Wkea  tlie 
oooiieoticm  in  eol<l«rod  a  ccatiuff  of  panffin  may  be  aprcad  over 
tbe  ooppcr.  Ko  oeumt  is  or  nay  nee  for  this  pnrpoM,  paraffin 
alcoe  rr«i«tM  powoifol  oiidants,  anch  as  iiitrio  acid,  and  oauatio 

JV3.  Surface  of  ntrfion  ia  of  even  more  importanoe  tlian  with 
plattontiL  Tb«ro  are  many  aaea  for  baltcrice  which  give  a 
p>irerftil  cnTrent  fnr  a  limited  time  :  for  these  a  ooll  wUioh 
wuoM  hold  jtiHt  aiifficirtit  nitrio  acid  for  tho  (-ccnflion,  wonid  be 
valnablo ;  fin*  lliis  wv  need  a  porotis  ovll  which  will  onlv  itiHt 
hoU  tltia  qtiantity,  and  which  aholl  yet  havo  in  it  a  plat« 
nr&oo  capiblo  of  goDuniting  tho  roquind  cnrrvnk  Atptin, 
Um)  cbromte  uoid  ooUit  fnil  very  miiiiUy,  owing  to  polarisalioD, 
■ad  ft  lai;go  ncgatiro  mirfitcp  m  tliu  be«t  nrntody.  There  oro 
two  BKxlai  of  attaining  thuMu  olnecls. 

Grmntialcd  eariom  may  be  packed  in  tho  cell  anmnd  one  ur  two 
pktM  or  toda  aerving  aa  cuuduclons  in  thu  mwo  muuuer  aa  iu 
lltc  iaaogan««u  cvlla :  the  cunnvcliun  to  tli«  ii«[>antt<->  particles  ia, 
howoTor,  impcrfvot  at  be«t.  Thia  plan  ia  >>iily  availut'le  with 
adda,  oithsr  a*  a  Smeu.  or  with  nitrio  acid  ;  it  ut  not  anitJihle  to 
ohromio  nlta,  u  they  tend  ti>  form  dv|>oaita  on  the  a<irfao«a, 
whidi  hnak  the  oonneclion. 

Otrbem  rait,  {  iiS,  may  be  paAlce<l  into  the  cell  with  ciioogh 
■pace  for  the  liqniil,  their  ttipa  being  all  conmwdsl. 

Jfi.  Iko/mikd  Cf.Lia — Th<«e  are  veiy  conTonii-nt,  and  either 
furm  of  carbon  ran  bo  naed  iu  tliem.  The  apaoe  within  or 
■niund  u  poroua  cdl  can  be  used,  and  of  courae  the  outer  apace 
^vl-m  nicat  loom.  1  have  found  it  Gonrenient  to  tLae  a  poroiia 
coll  perforated  with  holes  lixeil  into  the  containing  veeeel.  UBinji; 
a  •eoond  poroua  ot-ll  for  the  ziuc,  which  is  inserted  in  th«>  other 
only  when  nviuircd  for  n^e.  The  oxidant  can  then  bo  left  iu 
the  oont«iniu){  vessel  for  farthrr  use,  and  the  opening  cloeed 
with  a  stopper.  I  thongbt  I  had  arrived  at  perfection,  and  done 
■wmy  with  the  nuisance  of  charting  and  emptying  nitric  acid 
obIu,  bnt  tbeie  is  an  i/inthowav;  the  plan  would  do  perfect  i/ 
we  oonld  find  a  perfect  mOAns  of  inclosing  the  top :  as  it  \»,  I  ciin 
only  deccribe  the  best  rcsnlts  1  have  attaino). 

Arrange  the  carbon  in  the  c«ll,  and  also  a  gliuw  tabe  for 
inpiilyin);  tbe  liquid,  roaohing  nearly  to  tho  bottom  :  vhako 
in  dry  sand,  if  rods  are  used,  or  salt,  if  with  granulittvd  carbon, 
filling  to  within  an  iuoli  of  tho  top.  On  thia  place  n  layer  of 
oardboard  boiled  in  parafiin,  in  n  hole  in  which  ia  iusoTtod  a. 
glass  tube  jnsl  oBtering  thv  sand.     Si'ow,  aJUr  wannini|  ihit  iu)/* 


0/(A«  ofUa,  p<mr  in  molted  paraffin  jniit  nbout  to  not.  I  li&ve 
run  in  plavtor  of  Faria,  uiil  after  <lrying  Imvo  tumc<l  the>  odl 
uptrido  down  in  molted  paraffin,  nlUiwing  it  to  soak  into  tha 
pla«t«r  and  form  a  etratnm  the  tliickuesa  of  which  oi»a  be  oou- 
trollod  by  the  depth  to  which  the  vent-pipe  euteni  the  cell ; 
but  the  paraffin  lirMlcB  np  into  minute  fi^EurcH,  iind  ultimateljr 
the  pIitHter  iliwiutegrDtoB.  After  all  ie  sl*),  the  e<aii<l  oau  ba 
shaken  out  thrciagh  the  vent>pipe,  or  th«  eult  disHulveiL 

It  ia  powiible  that  the  sulphide  callod  Sponoe's  metal  might 
answer  iih  a  oouiciit  tu  cIobo  such  cells. 

aja.  CiBcut-ATiosi  ok  Liuuiki — The  chromic  acid  cells  always 
lose  power  very  nuJckly,  the  nolntion  in  contact  with  the  nega- 
tive Burfiice  K'iiiK  oxhausted :  thL-refore  the  poaaible  rate  of 
current  in  limited  by  ilie  capacity  fur  renewal  of  this  aolntion 
by  diffusion,  which  is  a  alow  preoesB.  This  means  that  there  U 
for  oTOiy  kind  of  action  &  de&iite  ratio  between  ooirent  and 
Burfaoe.  This  is  why  enUrKin^  the  surface  ro&koa  EUF  more 
constant,  although  mr/ace  per  »e  ie  no /unction  of  E  M  y.  Con- 
sequently, any  means  of  brin|;;iug  active  solution  to  the  negative 
])late  maiutaina  the  B  M  V.  In  nitric  acid  this  is  oRectcd  by  the 
Kcneratiiiii  of  gas.  (Jiiculation  in  the  liquid,  however  produced, 
has  Uio  saiiii)  effect. 

ajj.  iTiMif  uppli<Hl  to  the  1)ottom  of  a  cell  has  this  effect :  pro- 
bably the  heal  adds  to  the  EMF  as  in  J  aij.  but  at  all  events 
it  keeps  it  nearly  constant  by  bringing  fresh  liquid  to  the  plate. 
I  have  obtained  a  constant  current  from  a  bichromate  cell,  oloee 
up  to  exhaustion,  by  means  of  a  small  f^  jet  under  it.  The 
heat  also  lowers  the  internal  resistance,  and  so  compensates  for 
the  lowering  of  E  M  F  duo  to  the  ohetuical  change  of  the  solu- 
tion. 

IS4-  Chutaux  and  others  have  arranged  the  oeUs  of  a  battery, 
so  as  to  permit  tlie  liquid  to  i>ass  through  them  slowly  from  a 
Tesorroir  above  to  one  below ;  and  they  exchange  the  receivers 
at  intervals,  so  as  to  pass  the  liquid  several  times  through  the 
battery. 

a;;.  The  enetoted cell*,  §  151,  could  be  readily  used  iu a  similar 
manner.  If  the  outlet  or  veut-pipes  (provided  for  emptying 
tho  cells  and  allowing  gases  to  escape]  were  of  propor  length,  and 
bent  over  so  as  to  ontor  the  inlet  or  feeding  pipe,  the  liquid 
would  flow  from  ono  cell  to  another  with  vor^'  small  diflbrence 
of  Uvol;  and  if  Gonnooted  together  by  caoutchouc  tubing  they 
might  bo  at  ono  level,  and  tno  liquid  forced  throngh  thorn  at 
any  desired  rnto  by  the  elevation  of  tho  roacrvoir. 
Jf^.  Soialinff  farlon  yhtra  have  been  iised  to  attain  tho  same 
nmait.    The  carbons  are  iu  the  form  uf  diMea  mounted  oti  an  axis, 
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with  only  th«  lomr  half  in  thft  liqtiid,  ao  that  thfi  notion  of  the 
tzii  hringB  D«w  ourbon  )KirCK>e,  oau-r^ing  kImV  film  of  ftir,  and 
kho  ttin  the  liquid. 

357.  Pamping  air  inl»  tho  liquid  i*  Another  mod*  of  onanng 
ctrcalstion,  and  thongli  it  dticti  not  odd  to  the  E  M  F  it 
prolooga  the  actiun  of  th«  liquid  hy  bringing  oxygon  to  the 
plat«. 

3;9.  BuBiuMATt  SnKi[,B  Cell. — This  oon»iat«  of  tiro  pUtM  of 
oarhon,  irith  one  of  xino  butwccn  them.  fitt«l  «o  tlmt  it  can  bo 
niiaod  out  of  tho  liquid.  t)f  lat6  many  aho]ia  have  email  biohro- 
mate  o^la  witliout  ibia  fitting ;  1  would  warn  readers  against 
ming  Mutk  cells,  which  are  moat  extravagant  and  onsatisfactoiy. 
Daed  fbr  the  parpoaee  to  vrfaioh  it  is  suited,  the  btohnmate  coll 
la  oao  of  the  most  uaeful ;  it  fnrnishea  a  most  powerful  current 
for  a  very  shoK  time :  it  is  tberefore  admiimbly  adapted  for 
short  experimeots  witli  tnduotiooooils,BsitgiTe8B  greater  force 
than  nitric  acid,  and  has  no  unpleasant  f^tmes,  while  it  c«n  be  sot 
aside  Cor  w««ks  and  be  ready  for  action  at  any  instant.  But  for 
lonMnstained  action  it  is  oseleas.  When  the  force  fails,  merely 
nt&ig  and  lowering  the  tiao  nslores  it  for  reasons  explained 
i  353.    Fig.  )6b  shows  tlio  anul  oonstntcliou. 

Pra.  36k 


The  vesml  is  a  glan  bottle,  enlarged  into  a  ^lobe  below,  to 
hold  a  ^^^  quantity  of  litjuid ;  but  an^  form  of  veaMl  will 
answer.  The  easeDtial  ^art  w  the  top  which  carries  th«  nUta ; 
this  is  beat  Bud«  of  ebonite,  but  hard  baked  wood  BatimttawxtVi 
panffla  will  do;  in  tho  ctmtrv  of  this  is  scrowed  a  ^TOjiMXvn% 
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hnaa  tube  B[ilit  nt  tho  t(jp  to  grh)  tlii>  md  carrying  the  Kino 
vrKich  slides  in  it :  tho  foot  of  this  tiihc  itlso  passes  through  a 
plate  of  brass  extvniliuz  on  oqo  sido  of  the  cover  to  the  negatire 
binding-ecrew.  This  slidmg  part  i«  often  troublesome,  as  the 
surfaces  tamiBh  nnd  luiilca  bad  contact ;  thor  slioiild  bo  well  gilt 
to  avoid  this,  and  Nomo  attnch  nn  open  epinti  of  wire  to  the  lower 
part  of  the  rod  and  to  the  tiitw,  so  as  to  ninke  n  fixed  metaUio 
circitit  indopcndont  of  thenlidingonc;  othorsattsch  thobiuding- 
scrow  to  tho  lop  of  tho  sliding  rod.  It  ik  desimblo  to  form  a 
scrcw-throiid  on  tho  top  of  the  tul>c,  nnd  fit  to  it  a  iiut,  by  tight- 
ening which  cotitiict  i«  improvt^d,  nnd  tlio  zinc  firmly  hold  up 
when  not  in  kotiuii ;  m  aqnuru  tnhl^  nnd  rod  are  bottur  than  round 
lines,  M  thvy  keep  ihi-  ziiid  alwityx  parallel  with  the  carbons, 
Thv  lino  is  diiiitnuuly  fixed  to  thd  ru<l  by  mctkns  of  n  ecnvr  on 
the  end,  but  it  in  far  better  to  BukU-r  thuui  togxithor.  I  wa>  onoe 
greatly  troubled  with  an  irregular  battery,  whtoh  wonM  not 
k(H9p  to  ita  work,  though  I  pulled  it  topieoeaaudHetevorjUiing 
riii^iit,  as  it  appearcl,  and  aiU'r  grvat  trouble  traced  the  wholo 
fuiiH  to  this'tiolut:  add  had  found  its  way  into  tJie  thread  of 
iIk'  rtcrew  nml  eiitirt'ly  deatroycd  the  oouueotEou.  The  oarbona 
an-  socured  to  Ih^  cover  by  moans  of  two  iinglopjoooc  or  brackets 
of  brass  or  iron,  as  shown  (a.  Fig  i6b),  and  ttif-so  brackets  ore 
oonnootod  to  the  +  binding-eorew.  llio  oonnaction  is  thus  ono 
of  simple  contaot,  and  with  a  ]>arou8  carbon  it  is  common  for 
acid  to  find  ita  way  up  between  the  aurfacea  and  destroy  the 
contact.  This  may  be  entirely  remedied  by  the  ploa  described 
In  i  2^y ;  the  upper  part  of  the  carbon  b^ng  coppered  tho 
tinick«t  may  be  soldered  to  it,  and  perfect  oonnoction  insnnxl, 
and  protected  by  a  covering  of  jmromn. 

It  iit  impossible  to  estimate  the  cost  of  working  this  cell, 
Ux^utiiw  the  luo-d  action  in  it  is  so  great ;  and  this  lieing  noarly 
coiistAiit  while  the  zino  is  immersed,  or  when  frequently  ro- 
mored,  its  proportion  to  the  work  uotuully  donu  will  bo  lorn  as 
this  Is  greater,  groaleat  that  is  when  there  in  groat  ronstanos. 

i59.  A  very  convenient  fortii  of  thin  ocll  is  a  battery  and 
commutator  onmbiued,  for  bells  and  other  npplianooe  requiring  a 
moineulary  current;  th<>  xinoand  it^rod  isKiippoHi.-il  by  a  spring, 
spiral  or  otherwise,  nnd  is  pres-ed  into  tlie  liquid  when  tho 
current  is  rec|uirod ;  on  relieving  the jproosani  the  Einc  loavea 
tho  liquid,  and  cuts  ofl*  the  curn^'nt.  Tho  same  Ebrm  of  ocll  is 
itldo  used  in  apparatas  for  obtaining  light,  and  for  lighting  gas. 
The  sine  plate  should  be  jpamtlcl  to  the  surface  of  the  Uqnid,  so 
that  a  BinuU  motion  wilt  unmetse  it. 
j^  JAoauitabJesolotion  isgiveu  ii)4.  Trourj'a solution  is 
co/tf-imU>r  jC,  bichrotMte  of  potualt  j,  ai\dH\u<M\j  i^  ul nwV^Wvw 
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M-id.  Of  oonne,  any  of  tbe  ohTomio  aoid  Mluttonn  oan  be  ii«ed 
iit  the  aiofjleceil,  bat  they  ODght  not  to  be  iibmI  in  such  Btrength 
tf  deMsibed  for  double oalls,  and  they  will  i^uiro  atom  buI- 
pburie  Mod  added  aFt«r  a  time,  in  order  to  dinolv«  Lh«  eino :  the 
add  stated  ia  employed  in  the  reaction  of  the  salt  itaelf,  to  disaolvo 
tbe  obromio  osidea  formed. 

j6i.  Slatvk's  Iilo:i  Oku..— Id  almoat  all  the  fonna  of  Uttciy 
iron  may  be  need  in  place  of  zioo  for  tho  dissolving  meti^,  but 
oirbig  to  its  lower  alectroRiotivo  foitw.and  other  praotimlnMona, 
it  ta  aeldoio  employed ;  Mr.  Slater  intivxlticcd  a  <«11  in  which 
irot)  aa  the  uiwndvo  meUl  ia  oontbincd  with  tiitrato  of  aoda  a« 
the  oxidant  i'ho  HalphuHc  acid  ia  add(<l  to  a  hot  wlntion,  and 
Mtlphat*  of  aoda  orj-ainllixi.'e  oiit  in  cooling.  At  etartiiig,  tbe 
iNitttr  cell  ia  obargnl  with  wntiT,  containing  ft  littlv  of  tlie  auln- 
doa  lA  nndor  it  ooiiductiDs;,  and  act  up  tho  action,  whicli  la 
iImo  k«pt  ap  by  endoamoae;  the  action  ia  maintained  by  ronioving 
a  portim  or  the  inniT  liquid  at  timeo.iuid  adding  freah  aolution, 
w  that  there  in  Httli!  waaLe. 

i6t.  Ikcis  ri:acHu>nii>z. — Tliia  haa  been  ciujiloycd  En  Intteriea ; 
ita  action  conaiHto  In  undergoing  a  reduction  to  forroua  ohlorido, 
and  tbo  object  ntpied  ut  waa  tho  regoneralion  of  this  by  ab- 
•urbing  uxygen  fmm  tlic  nir,  ao  aa  to  maintain  an  inaxbanstible 
xi  !int.  It  mav  alw  In  n>eenentted  by  passing  a  atroam  ofcblo- 
into  tlw  oull.  It  liaa  Uto  aamo  dntwbnck  aa  tho  bidiroraate 
imxtfTy  in  npid  fiiiliire,  and  ita  (broo  ia  aiao  low:  there  are, 
bewover,  oaaea  in  which  rach  ii  ootnbinalion  might  be  asefnl, 
and  it  will  form  a  aingic  ooti  with  iron  aa  poailiTo,  and  work  to 
flxhaaatitm  if  tm>  acid  enmigti  ia  oocaaionally  added  and  the 
sxooaa  of  Uijuid  remtyred. 

Pm^da  0/  inm  might  bo  employed  for  aimilar  reasons,  itiatoad 
of  and  to  the  aaau  way  aa  tho  numganoao  peroxides  but  it  givea 
only  jnat  half  tba  Snoe  of  the  lattvr. 

36).  FooziDB  ov  Max(ia!ibu  BATrsiiT. — Vnriotis  peroxide* 
have  been  et&pkved  to  anrrouod  tho  negative  plate  and  fomiah 
tba  ozTgen.  Tho  peroxide  of  nunganeao  was  first  uaed  by 
Da  la  nire,  many  yean  ago;  but  tho  difflculties  whidi  aoon 
pneoot  themaolTW  to  thoMi  who  iibc  it.  limit  ita  itpplications, 
tbirtigh  it  haa  many  good  quiilitie«,  which  have  brought  it  into 
naea  and  tt  has  boon  patonte'l  nndor  the  name  of  "  lo-clanch^  " 
eall.  For  caaea  requiring  a  large  current,  aa  in  plating,  or  for 
magnota  or  coila,  it  n  abnlutoly  oaelcMi  for  a  ainaU  oooaaional 
nirrent,  on  the  other  band,  aa  for  ringing  holla,  bonaohold 
kignala,  tec,  it  is  one  of  the  moat  useful  forma;  it  rv<itiiree  no 
attention  hevond aHoinjr  that  ttdoea  not  gi?t  dry-.  aiiiVilraiwuft 
aotiva  /mt  »  '"Bg  whik;  wbim  u«cd  for  ltd  jitoyur  \rtirgw«». 


The  p«roxide  of  m&ugiuioio  is  MnO,  =;  87 ;  two  of  tbe»o 
inolecnleB  eater  into  the  raaotioa  producinf;  Mii,0,  Beefjtiiosido 
of  m(iii)!;aneac,  anil  O  1  atom  of  oxygen  ;  therefore  87  of  il  liy 
weight  yields  8  of  oxygen,  and  I  unit  of  current ;  but  IhiH  in 
Ihu  pore  Bufaetauce,  while  the  oomnieroial  manganese  ooataina 
a  lar):^  peToentaj^i.'  of  impurity,  ao  that  100  ia  about  the  unit. 
Aa  no  Bolutioji  oocuTH,  the  action  tAkea  place  only  ou  the  surfaoe 
of  the  particles,  and  a  considerable  portion  may  escape  action ; 
it  is  therefore  impassible  to  fix  upon  any  quantity  as  tneeleotrio 
nnit :  it  may  T&n^  from  100  to  aoo  grains  or  more.  According 
to  Ijoclanohe  to  100  parts  of  peroxide  and  100  of  aal-ammoniao, 
there  are  ;o  parte  of  ziuc  discrotved.  The  peroxide  iaa  good 
oonductor;  the  rveulling  sEWqtiioiido  is  not  a  conductor  (and 
the  sam«  is  the  case  with  the  corresponding  lead  oxides),  hence 
the  action  tmida  to  diminish ;  and  a  main  object  must  bo  to 
npri-iid  the  matorial  <nvcr  a  Wee  area  of  oonduoling  Barf«(«. 
'JhiH  is  iicoomplishctl  by  cnuhing  carbon  into  various  si^cs, 
from  a  poa  down,  and  packing  the  larger  pioces  in  a  poroiif  jar, 
in  layon,  so  that  (hi?  pnrtiolcs  are  in  farm  contact  among  Uiom- 
nolvM,  and  with  a  pUtc  or  bar  of  carbon  which  forms  tbc  main 
plato  or  oonductor ;  tho  finor  grains  should  be  mixed  witli  throe 
limes  their  bulk  of  mangUUM,  also  in  tino  grains  and  sifted  in 
among  the  network  of  Urgfi  pieces :  tho  lino  pon-der  has  to  bo 
siftod  out,  becanao  it  resists  too  pouotrnticn  of  tho  liquid.  The 
rosalt  of  this  arrangement  is  to  exposo  a  very  large  Hurfiuje, 
ivhich  oompessatw  for  tho  inherent  slun'ncss  of  the  action  itself, 
and  reduces  tho  internal  rosistanoo. 

A  small  surface  of  zinc  is  niifficiont,  snoh  as  A  CMt  rod  or 
rollod  strip  suspended  in  the  ontor  vessuL 

164,  This  is  tho  usnal  arrangament,  but  it  is  far  better  to 
revorso  it,  and  put  tho  xinc  inside  the  pon>uM  vessel,  maUng 
the  buttery  up  as  doscribod  S  151  with  tho  manganese  (kddad  m 
above, 

A  veiy  compact  form  has  boon  introduced,  mndo  on  tliiA  pUn, 
called  toe  Lacombe  battery :  a  carbon  coll  cuntAins  the  man- 
ganesa  mixlare  between  itself  and  a  small  inner  carlhenwaro 
cylinder  to  hnid  tho  sinor  both  cells  being  perforated  to  allow 
circulation  of  the  liquid  contained  in  ■  glass  jar. 

26$.  AggtoPieraU  bloeka  ai«  much  ns^,  to  do  away  with  the 
porous  ooll.  One  composition  consists  of  mangancM  peroxide 
40  pnrls,  carbon  44,  gss  tar  9,  snlphur  0-6,  water  6-4,  all 
Strongly  pressed  together  after  mixing,  and  boated  to  }6j'*  C.  to 
drive  off  the  water  and  tar. 

j6S,  1'uk  ExciTAirr. — Either  ooramon  salt  or  sal-anunoniac  ia 
eaiploj'wl,  though  otJters  will  AQsw«r,    It  may  seem  unwise  to 
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me  nl-«iiunoDi*o  ftt  fid.  pcrlbtif  oommoDMltat  1  lb.  per  peDny 
wOl  uuiwvr;  but  aa  »  oonplo  of  mtnam  of  tne  ontonde  of 
ftmmcitiititn  will  ob«rgO  »  ooll  Bach  m  the  ordiiiAty  LeclancbA, 
uul  w<irlc  for  aorend  tnooths,  the  question  of  economy  dwindles 
to  k  rtry  rauil  matter  ominat  (ho  higher  olectromotivo  fane 
th«  ammi>Dium  ohloridu  gircii  oror  tltat  fnmiAhcd  by  tho  aodiam 
ohloriiJc.  With  the  Inttor  mntitio  koiIa  is  genontod  and  remains 
to  ox«rt  B  ooant<-r  £  U  P,  whtlv  with  Md-ftnaiaoniac^  ammonia 
ia  aet  fnte  and  given  olF.  II10  Tom-  itt  gtc*tly  incranwed  by 
oooaaioDaUjr  addins  *  littlv  kcjil  to  iho  mniignttwo  ooll  to 
nratralixe  the  alkaC. 

I  hare  fbund  the  E  M  F  at  Grat  atarting  to  ho  with — 

Sol^mmoniaa        i-54}rolts, 

Snlphato  of  aminoDia >'493     » 

Commou  aalt         1-365    •• 

Ammoniau  chloride  forms  douhio  salts  withzinoohlorido,  and 
alao  with  hydratod  sine  oxido,  and  the  Uttor  oompouud  a])pcar8 
IB  the  font)  of  crvatitla  upon  tbo  zino  and  fxnooB  oolla.  The 
oryatala  bavo  thofoni:tula/nO,n,0,\UtCl.  As  they  ohatniot 
&B  aatioa  they  should  be  removed  with  warm  wator  contjuning 
•  Bttlo  wad,  hut  they  do  not  form  eo  readily  if  a  half-aatarutod 
KJtttion  iansod. 

Anothor  tronhle  is  that  tho  ammoniimi  chloride  fiiida  ttii  way 
bvtwoen  tho  oarhonand  tho  load  cap  usually  ca«tupou  thu  carbon 
H  ft  ooDDOOtion,  and  produces  a  film  of  DODK^onductiag  inattor 
bitwocs  tltom.     Th«y  should  bo  proteotod  as  doeoribed  j  249. 

J%a  mamytOMte  nay  bt  rtgeneratad  vrithont  removal,  by  tho- 
toughly  vn«hing  with  wann  wHt«r,  and  then  pouring  in  a 
itrong  solution  of  jwrniaiigannto  of  potash ;  roponting  this  as 
lang  aa  the  oolonr  la  diachaigod :  but  it  is  a  doabtfnl  eooDoiny. 

367.  For  many  purpoaos  a  ooll  oonsiruotcd  with  cruBbed 
carbon,  aa  deacnhea,  will  aorro  without  tbo  addition  of  mau- 
^ancM,  A^ecially  if  tho  cell  i*  niaiio  rathor  high,  tho  solution 
adng  only  half-way  up  it,  and  free  aoooas  of  air  ollowod  to  tbo 
Otrhon :  but  this  is  av&ilahio  for  only  very  short  dvmands  apou 
ila  feioe.    The  £  U  F  alao  is  h>wor. 

a68.  Feroaiide  of  lead  ia  a  most  powerful  oxidant,  and  is  tb6 
baaia  of  all  the  seouudary  batteriea  :  lui  it  ia  oosily  regen«ratad 
it  will  beooms  more  valuaMs  aa  the  plate  of  onlinary  iMttoiiM^ 
wbea  thero  an  plaoea  at  which  a  current  can  ho  uac^l  to  rogon- 
erato  aa  exhanatod  plate. 

RAtrU'  aU  is  highly  aixJcea  of  in  Amc-Hoan  [Kkpors,  and  is 
made  with  red  lead  oiixM  with  ila  mjuivaWnt  of  \iotu^  y^^~ 
tBaaguiat^  aid  mWo  into  a  fnuty  mass  with  B,  C\ ;  iVa  \ft  \'o\ 
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iuto  a  ponniB  cell,  coatainiiig  tt  carbon  coDduotor:  it  mtt  into  n 
[wrouB  oonducting  aiaaa. 

Lithanocle  is  a  solid  Tonn  of  IgacI  peroxide,  invented  by  Sir.  D. 
G.  Fitzgerald,  and  ie  thg  most  practically  useful  form  of  tho 
material.  It  is  propnrvd  from  a  pasty  mam  of  Utbart'^  and 
wat«r,  Gan«ed  to  twt  l>y  a  rIdw  ohoinioal  roaction  :  the  innulublo 
plate  is  then  tninHfunucid  hy  tho  olootrio  current  into  hydratad 
peroxide  of  lend,  containing  a  little  eulphato  of  lead,  llie  oblef 
(liftlaulty  is  making  good  conn cotion,  which  reciuires  platinum 
foil  and  win.',  nothing «lse  withatandingthereactionB;  they  are 
secured  to  tlm  nlatvti  with  elxiniteaorcvrM  anil  nntj'.  The  E  M  F 
of  lithanode  with  zioo  in  Hulphtirio  acid  is  iioarly  the  full  power 
of  sine,  and  thiTL-rorit  iikm^Ms  2  volt*,  and  ita  work  le  about 
one  ampcn;  hour  pur  ouuoo, 

jGg.  OxibF.  OF  (?oppER,~Thi8  was  introduood  by  Mei<8T8. 
Lalanilo  nnd  Cltapi^ron,  and  a  ROod  deal  more  wim  oxpoctod 
bom  it  than  baa  Loen  realised ;  still  it  may  be  found  insofnl.  It 
oouBisU  of  a  cawl-irou  vessel,  preferably  of  the  form  of  a  wido- 
monthod  ii()uat  Ijottle,  ou  the  Dottom  of  which  ia  placed  a  layer 
of  oxide  of  cuiiper.  copper  soaloa  &om  red-hot  copper  boing  tho 
best ;  the  excitant  ia  a  strong  eolation  of  oanstio  soda  or  potaah, 
whioh,  after  use,  can  be  treated  as  in  i  190;  the  kIbo  ia  «u«pondod 
from  the  iito])per.  The  copper  oxide  can  be  reformed  by  waidung, 
diying,  and  rftaating  at  red  lieat,  The  gi«at  defect  oftho  battery 
is  tbiit  itaEMF  is  lesH  than  volt  -9  and  falla  to  ■6,  while 
working. 

170.  BenncU'i  baltcrt/.  Bom^iliniee  called  the  tin-pot  cell,  aa 
meat  tins  wore  nuggunlvd  for  tho  ontor  vesse],  oonaiata  of  an 
onter  iron  vc*scd  with  a  ^lorous  coll,  and  the  ^aoe  between 
packed  with  iron  bonnga;  u  all  other  rcapocta  it  is  the  aauw  as 
the  last  described. 

J7 1,  Earth  Battbrt. — A  plato  of  sine  and  one  of  copper,  or 
a  bag  of  coke,  buried  a  little  aiwrt  in  moiat  earth,  has  been  uaed 
under  tho  name  of  an  earth  battery,  for  driving  clocks.  This 
is  i'B  only  uau.  and  aa  it  baa  a  low  force  and  high  resistance, 
all  that  can  be  said  in  its  favour  is  that,  once  mounted,  it  is  out 
of  tho  way  and  requires  no  attention ;  but  any  ordinary  small 
cell  will  da  AH  much  work.  It  ia  not  pMaihlu  to  have  several 
iu  seneii,  but  the  action  can  be  iuoreased  by  placing  the  xino 
plato  under  a  stable  or  in  other  position  where  aaline  liquids 
can  pc^nctrate.  Some  have  coustmoted  an  earth  battery  by 
nsinK  the  lead  water-pipe  aa  one  plate  and  the  iron  gaa-mains 
OS  the  otlier ;  but  this  means  injury  to  the  latter,  and  that 
injury  U  likely  to  occur  at  the  ncaroet  possible  |>oiiit  to  the 
tisor. 
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It.  WaUr  batteriei  of  siniple  oonstni«tiun  bave  been  d»- 
ued,  wliicli  may  bo  foontl  oseAil  for  maiiy  expeHmental 
•m,  such  as  with  electiometere,  or  as  variable  E  M  1^8 
vrlit're  A  l)ii;h  voltage  bikjI  iufiiiil«siinal  cnirrent  is  r^iiired. 
"rofeeeor  Kciwlaii<l  firet  decoribed  a  atmple  fotm  wliicJi  1  h*v« 
^  lOMwhat  mmlified.  A  strip  of  thin  copper,  a^  inches  wide,  and 
\  similar  one  of  7.iDc,  2  inches  wide,  are  laid  toother  and  Bolder 
ruii  klong  the  rdge  at  which  the  copper  overlape.  The  htriy  ih 
Umd  cnt  into  pi<-oc8  {  inch  wide,  each  forming  a  copper  ziao 
pair.  A  piece  of  dr>-  wuud.  a  foot  eqnart>,  has  saw  cut«  made 
■cnMS  one  lace  of  it  j  inch  apart,  and  is  Uwn  bakod  and  panif- 
fined.  (PrufoHor  Itowlaod  asnl  a  sheet  uf  glaas  and  shollav.) 
Tha  nrujactiiig  coppvr  end*  are  alightly  warmed  and  promod 
intu  Ue  saw  onta  in  r«giitar  order  to  fumi  crcn  rows,  and  melted 
paraffin  run  over  tht>  wooil  to  niaku  uU  nlruag.  lly  aid  of 
stripa  of  wood  or  mntAl,  tho  i>ain  are  now  ojionod  out,  w>  aa 
ae«rly  to  touch  the  adjoining  plate*,  the  end*  of  the  row* 
haing  ariiaiute  zinc  and  copper  nlatea  oonntwtod  logctlior  by  the 
top  «dgiM.  The  diiitauooil  of  the  plati.-*  are  no  arranged  that 
whan  dipped  into  wat«r  a  few  droM  will  be  retainMl,  which 
will  take  Home  time  to  evaporate,  and  can  be  renewed  by  dipping 
afiwli.  I'hick  poruna  papvr  may  bo  insurt^^l  if  prcfurred, 
tliraail  being  wound  runnd  the  plutea  to  hgid  it  in  plaoc. 

A  tnorv  complete  battery  oait  no  made  in  tht;  saine  way,  but 
wit!)  rows  of  teat  tnbca  plaoed  Otot  the  ]iair>i ;  Uieae  are  th«n 
to  bo  pat  into  a  box  and  MOmc  oeuient,  preftirably  {>iiniBin,  run 
in  lo  hiuld  them  in  tdncf. 

By  taking  wirca  through  the  top  at  intorviila  viirying  ntnnburs 
•f  oula  nay  be  aaed,  ao  on  to  c;untTul  the  E  U  F  em]>Kiyed. 

jj).  Oas  hattent*  have  received  mime  uilention  uf  late:  they 
o&r  the  tempdng  pronpeot  of  deriving  elootrie  energy  dired, 
ttvaa  tho  oontbnation  of  fui-L.  and  ao  dinpeiitiing  with  the  nteitm 
^^^npoand  dynamo,  llie  first  waa  dcvini^d  by  Grove,  tb^  in- 
HM^^ta:  of  the  nitric  acid  battciy,  and  in  nitiiply  l!ie  voltameter 
pmined ;  lliat  in  to  tay  two  platen  of  jiUtinuui  in  gan  rec>.-ivura, 
dipping  intt)  a  voiael  containing  dilute  acid :  oiygen  and 
livcui>Ken  supplied,  oonilrine  and  give  up  their  energj-  as 
ewotno  current.  Aa  yet  no  form  ban  been  devinud  whiuu  can 
ha  aaid  to  liave  a  praotioal  raluc  Bnt  that  may  come  yet. 
Like  the  thermo-pile,  they  are  good  theoretically,  but  in 
pradtoe  they  only  utilize  a  amall  portion  of  the  energy  nuppUed 
to  them. 

J71.  Drjr  htttttriet,  w>  called,  have  excited  much  internet  of  late, 

ip«ii»a]ly  among  inventors,  and  no  doubt  ihey  have  uses;  bat 

obrimu  that  they  mtat  be,  qd  the  «lio\«,  \««b  uHwVvn^ 
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thjtn  tliow  in  which  Um  liquid  is  trrc  to  niovx).  Tlie}*  are 
itmally  IiooIanohA  ovlla  in  which  the  oititjiiit  in  reDd«red  semi- 
solid, 

OaMtr'a  wm  tfan  6nt  to  oomn  into  am,  unA  f^rw  BatiaCBotlnu. 
Booent  teata  oftrriod  out  at  Miinioh  indicnto  thnt  Hellesen's  iti 
most  effisctivo. 

One  mixture  in  water  i  piot  with  cuvut^h  plBat«r  uf  juiria  to 
make  a  crcutm  which  ilotui  nut  xot ;  witti  this  is  inix»d  i  ck.  eodi 
of  oxtdo  of  xinc.  uRiinooiuin  chlorido,  Mid  nine  obloriile. 

Othirnf  iiKO  miiifml  j«Uiea  derived  from  silicate  of  soda  ;  or  a 
Bntumt4>d  wolutioii  of  mugueeium  chloride  to  which  stiflioieut 
luagnwiiu  i"  added  to  form  n  pa«ty  cream.  AU  of  them  )M>I»nite 
very  qtiiokly,  hut  recover  their  E  M  F  after  a  rest:  in  fact  tliey 
Htiit  work  whiph  only  colls  for  occasional  short  currents,  where 
th«Tv  in  iiiotiun,  or  difficulty  in  pivinj^  pmper  atteution. 

175,  There  aiw  many  other  fonus  of  the  galvanic  cell ;  many 
nsultws ;  im«t  mere  niodi6cations  or  forms  of  those  deecrihed. 
Others  have  great  scientific  interest,  but  do  notconi«  within  the 
objectn  of  the  present  work.  I  have  intentionally  omitted  all 
mention  uf  patent  batteries,  and  secret  oxidants,  as  of  little 
int(,-re8t  to  reoden.  As  before  mentioned,  batteries  can  bo 
mudi-  out  of  aoy  chemical  reaotioD  in  oondncting  materials, 
ttud  especially  from  any  substODOM  which  readily  give  off 
oxyptuii  or  chlorine.  They  can  be  made  also  by  ariangoments 
which  facilitate  the  nbsorpliun  of  atmospheric  oiy^n,  and  of 
these,  one  of  tlio  moxt  interesting  is  that  pro]>osGd  by  Meean. 
GladatoDe  and  TriW,  who  have  nmdo  so  much  use  of  the  «l«ctro- 
lytic  action  upun  milmtiuicw  of  a  oopper-einc  ooiiple,  formed  by 
xinc  on  whioli  pulverulent  copper  is  precipitated  from  tho 
liulphatc.  When  silver  and  copper  arc  counectcd  in  a  solu- 
tion t'f  cupjier  nitrate  well  aorntcd,  tho  copper  diseolvea  and 
oupreouA  oxide  ia  depoaik-d  on  tho  iiilvcr ;  a  dmilikr  action 
oAura  lu  a  solutioii  of  uao  chloride  witli  sine  and  ooppcr.  Tha 
negative  metal  is  ananged  aa  a  tray  near  the  Mirfaoc,  perforated 
in  many  places,  and  oootaininK  also  crumplod  musaea  of  the 
metal  in  toil  rising  above  thi?  liiiuid  to  facilitate  abeoipttou  of 
oz\ii;en.  Such  meiwa  of  absorbing  oxygen  from  the  air  may  bo 
applied  to  many  reactions,  and  oner  good  promise  of  atility, 
espceiallv  on  a  large  scale'. 

iiC.  fiiittoriea  are  beinj;  1ar]^1y  rapormciod  by  dynamo* 
machines,  as  a  mattor  of  eoonomy.  Tho  pHnripIca  indicated  in 
this  chapter  may  show  raaDUhetnrerm  and  ulhcrx  that  in  many 
cosca  economy  vnll  tend  to  the  opposite  pmocw.  Asallchcmioiu 
ivaetions  which  oooar  apcmtaneouBly  liberate  t-niirgj',  which  ia 
asaaU^  wasted  ia  practice^  but  might  be  oimt«rtodintoeloctrioal 
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work,  it  w  e^iilont  Uuit  ttiu  "  ws«te  product "  rmjt  Iw  iitiliMd.H 
Tbo  prodncttoD  of  moUlUo  painU,  Bolutioii§  fur  dyuiiig  purpoMs,  ^ 
uid   nuD}'  other  chomioal   products,  might  vr«)l  bo  comoiiUNl 
witli  th«  production  of  electric  curronl«  to  bring  about  otbur  ^ 
mtoliona  which  now  DAceeaitate  iho  Eapjity  of  oxN'mal  «norgy,  ,■ 
Bsiully  eflected  by  mcwua  of  heal.     I)nt  this  ia  truo  only  whore  I 
there  is  immodiAto  use  for  both  prodncts:  manv  patoots  h«ve  9 
been  taken  nut  fin-  baltories  Eiving  vspful  prodacta :  th«y  ftll 
bn,  beoaoM  thoj  do  not  pay  tne  cost  of  coUoction ;  and  also  a 
produot  may  b«  valiiable  wheu  it  has  to  bo  made  for  a  pnrpoee,  ^ 
and  beoomo  worthleaa  wheu  producMl  on  a  larger  soale.    Theae  ^ 
aT«  the  pitfiilU  of  inventors. 

J77.  AiuiAJioKiiF.ST  OF  Battkbik. — Thfl  laws  wbioh  govern 
the  modo  of  arnuiK«!u>«nt  of  a  tiomber  of  oelU,  iu  order  to  effoot  M 
most  work,  will  be  found   iu   the  chaptera  ou  Current  and  V 
ElectromniiTij  Foroo. 

In  j<nninR  oelb,  care  should  be  takon  not  to  waste  euergr  la 
the  coDDOctiona ;  all  ooutaots  aLouM  be  as  large  as  poublu,  ■ 
and  perfwtly  olean.  This  ia  oft«n  ueglecced  in  mountine  V 
batterio*.  iwrtioolarly  in  GroTe'a  cells,  where  the  platinum  la 
bent  ever  and  acrewed  to  the  next  cine;  in  itll  aucn  ouoa  the 
Bkotal  should  ho  fixed  to  a  thick  plate  of  braiw,  ho  a«  to  screw 
firmly  to  the  stint;. 

Tho  ooiintKTting  wirm  Hfaoald  be  of  good  niie,  and  ahonld  be 
weond  it!  a  spiral  in  order  to  give  aome  elaalioity.  Care  should 
be  taken  that  tbe  Irougha,  biMrda,  Ac.,  are  <iuito  dry,  and  that 
tbare  ban  biwu  ng  leakage  or  croeping  of  liquidH  from  cbe  oells,  M 
which  oMtlscti  abort  oircnlte  and  great  lom  uf  power.  'I'o  avoid  I 
this,  the  jan  ahould  not  atand  dirMtly  upon  a  board;  butagood 
plan  ia  to  pliMX''  two  Ktripa  of  vuToiabecl  glaas  edgeways  uong 
tbo  tmngho  nr  ataiida,  for  the  oella  to  be  placed  on. 

2-}ii.  A  plan  I  have  found  very  oonveniont  is  shown  Fig.  j6r 
I!  is  a  wooden  Itniie  aoraaa  which  are  aooured  atripa  b  b  of  glnn, 
A  if)  a  bar  of  wood  ndaod  to  tbe  aultable  height,  in  which  en 
tank  bolre,  marked  1-6,  each  pair  intended  for  tho  ounnoctionii  ■ 
of  oDi'  cell,  while  one  row  ia  for  the  whole  of  the  zinca,  and  the  ^ 
tti'T  for  the   pceitive  |>oleti  of  the  colls;    eaob  row  la  per- 
luuiicntly  connected  to  a  bi»ding.acrow  -^  and  —  by  inr«a  _^ 
Tiiiilrr  tbe  wood  let  into  the  Inat  h»lo  of  the  row  :  tho  holoe  ate  | 
bj  iKTve  an  meroory  cnpa,  and  ahoiiM  bo  j  inch  dMp :  piecw  of  ^ 
copper  wire,  bent  over  at  each  enil,  connoot  the  oiipa  hs  desired ; 
tltev  are  abown  connected  two  eulU  in  multiple  ero.  and  in  serioK 
»f  ibree.    The  oellsare  placed  3  on  each  eido  of  the  bar  A.    The 
i/uter  celli  On  (aa  Danit-i;*;  ?wvo  wiree  which  <»tiTw»A  \\iwa  \o 
tlu>irj>rt>percajv.MhMvetheaDc».    WLon  the  Ultet^j  S*  «xi\. 
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of  nw,  the  eiiMW  oan  be  lifted  out  and  pUoed  in  ft  jar  of  water, 
with  oorks  on  the  etuln  of  their  wirco ;  thn  jwroiu  oell^  can  be 
*lao  removed  and  Rtood  iu  a  v^mntI  ountniniug  thti  Knmc  liquid  aa 
tbuiutclTea  ;  the  Oop]>er  oelltt  ruinain  in  thdir  flaw,  with  covers 
on,  and  the  whole  ia  again  inoniit^il  in  a  miiiate  nhMi  ro(]uired. 
It  iM  evident  tlint.  if  the  battvry  iit  to  W  kopt  nomcwhcni  inoon- 
Tunient  of  AOCUKM  iltiring  exporiincntK,  Uic  bur  A  niiiy  servo  only 

Pm.  see. 


Pia.  87. 


to  connect  tho  colta,  and  Vfine  can  bo  led  from  tbu  cups  to  a 
second  Kimilar  bar  vlnewbere  which  n-ill  serve  only  ua  thu  own- 
mutator.  Thut  plan  in  aleo  conveniont  when  B  ia  Hw  bottom  of 
a  box  in  which  the  whole  battery  incloeod  ;  then  the  wcond 
bar  A  <wi)  1)0  atliioliod  to  the  outside  of  this  box  and  bo  the  only 
pait  expDBod.  A  alioold  be  remerabU  for  oonvenidDce  of 
olGaniiiir, 
379.  Thin  latter  mode  also  ia  Boitable  with  the  oloacd  nitric 
iicid  ooIIb  described  $  3  S '  :  thceo  ehoald  Imve  n 
Tiilher  loni;  uprij'ht  vcnt-tnbe  rising  atiaight 
up  fruiii  the  cell ;  a  tray  can  then  be  placed 
ovor  the  whole  of  tho  battery  (or  one  to  each 
oi'll)  with  holes  iu  the  bottom  for  the  tubes  to 
luiHH  through  the  tray  contuniog  lime  in 
luiiipN  or  puwder  to  absorb  the  tamea. 

Auothor  modu  of  offccliu;;  this  a)>Hor|>t)on  of 
fume*  is  tdiown  Fig.  }7.  B  U  n  IxittK'  cut  off 
(or  a  i'lo««d  flask  may  be  used)  with  ita  neck 
htlcd  with  a  oork  oanying  a  tube  to  be 
placed  over  the  vent-tulw  of  the  cell;  a  tray 
ofperfonfeil  lead  t'  in  tlie  bottle  aupnorta  lurapaof  lime  or  chalk, 
'd//  the  wood  ahoiild  be  baked,  and  Ui«&  \>oU«d  la  v*^raf&n  of 


i9i]. 


woBKno  commas^. 
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which  ■  good  ooat  fihoold  remain  on  the  snrfocoa.  nai  tho  ooppor 
wire*  mIiouIiI  bo  wall  protected  vnth  ramish  except  nt  the  eadi 
dijiptng  in  th^  merooiy,  wbic<h  ehonld  be  uanlnmated  and  havo 
oirkii  Htuck  on  thom  whoa  out  of  nee.  It  should  bo  romomborod 
that  when  «  Rtrong  onmwt  puns  through  n  porous  m«torik], 
it  ourieH  tho  li<iiiid  n-ith  it  man  tho  dnc  cell,  $  lOj ;  ■paix'  miut 
th«refor«  bo  ollowcil  in  tho  carbon  colli  or  otborwiso  the  liquid 
will  t)e  ni.l  Ut  ov<irflow. 

iSo.  £i'ofioiiiy  ill  working  DonHJtibi  btrgoly  in  UMinff  up  the 
mAteri&U  completely.  Tbin  oftvn  involvM  ■  l»M  of  EM  F,  nud 
the  neoeaaitT  for  wwto,  whioh  cnn  iie  KToidud  if  u  few  uxtru  colls 
are  provided,  and  the  httttery  divided  into  MtK,  uf  My  )  or  4 
oe]l&  If  the  sela  ue  chuiged  in  rx>tuti<iii,  one  mei  being  out  out 
of  the  MtioD,  for  Che  neoMssry  time,  thoM  of  weaker  force 
oui  be  still  left  in  Mthm,  as  loag  as  is  really  wortli  while, 
beoaose  9  i7}>  p-  107,  cell*  of  varying  EUFcan  be  worked  in 
mtIm.     This  applies  eepecdally  to  such  os»»  as  i  aig, 

)8i.  WoKK  AND  CosfsTASOT  OF  CtxLs. — Table  IV.  pivw  ft 
aerieie  of  expcrimente  on  cells,  all  in  like  oonditiouB ;  with  plates 
3  X  I  incbea,  set  j  inch  apart,  and  with  no  external  reeiatMioe, 
except  that  of  a  tauguut  ^vanumeter.  Thoourrents  are  given 
in  Meaios,  and  therefore  are  proportional.  In  the  cells  with 
porooa  dividon,  it  will  be  seen  the  current  rises  at  first  as  the 
uquida  soak  in ;  in  these  cells,  also,  the  ounnnt  is  reduced  by 
tlie  resistance  of  this  dirision  as  compared  witli  the  single  liquid 
oslle.    See  also  $  a}9  and  Fig.  }6n. 

Tablr  IV. — Work  aud  Coxotahct  op  Oiua 
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Tablb  v. — Substances  Used  ix  Electric  WoaKiNS. 


I.  XUM. 


I.  Aoid  hjdrocbloric  .. 

,.          ,.     11.  meftiuM 
a.     „    nitiio      

H        1,    A.  mi^iuiiiv    .. 
)■     n    mtphuric 

n  „     U.  niMnir* 

4.  AmroonU       

„       S.  laeMara 
;.  Ammonltirn  oUorlds     .. 
ft.         .,  nulplislo     .. 

7.  Calolura  ohromktu  .. 

e.  Copper     

9.       „     eulplibto     ..     .. 

10.  Irun 

11.  Leud aulpfante 

II.  MaiigBQciBa  puraxido^     .. 

ij.  Merourv 

1^  MoMurlD  nilphftto  .. 

ij.  Pcitaailum  cyuildc..      .• 
I  A.  „         blahnoudo   .. 

'7-  -  «  .. 

18.  Eilmr      

f),      „    clilnrld* 

10.      „    cyttiilile 

It.      ,.    nttrat* 

3).  Bodium  clilorlda     ..     .. 
If.        „      DJUlitd^      ,,     .. 

14.  Z£do 

){,     ,.  uuwIg&mAied  .•     •• 

16.  „    aulpliuto 

17.  .   uidU,SO,  coU      .. 
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SBJ 


i'i 
BS 
96 
69 
i» 
18 
48 
Ji 
t6 
JO 
Go 

JJ 

tiS 

JO 
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}« 
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«L 
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0 
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□ 
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40 
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0 
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0 
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47 
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I 
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■04J9 

I.  HirmocTiiosip  Amv—Tuliblr  lo  >!fni(!lh;  bmjJ  i|0il1l<)r  li  ol  »p.  p.  1-16.  unl 
rniiUliu  4l>jul  It  p«r  DoiL  BOl, 

I  ^tIllll^  Amu— Thl*  nnr*  gmDr  thmii^h  thr  tiHoui  quiDiln  kIJ  u  niOis  icU, 
ifjutrr>r(i>-"]oiildiO  nod  dnal^.  dljp|ik[iR  >^ld,  Ac.  Tlie  hlirhnt  itrrrjiGih  hM  a  >p-  irr,  I'f  t 
onliiiarjr  ANil  ncDZMTclAt  »  «bvirt  x^p^  ri>  i'4}a4iiil  oohtBini  tioia  6t  la  71  pv^ooiL 
UNO).    lb«<iwMlDntli*uld«li-4(X4Uu1  ungml  wroiriicnL 

f.  Stntfltnuo  Aem-vlllU  DHUU  (oownirti^  ell  vf  viLrLul,  ip.  cr.  i-S4f,  wlikli  b 
ctiuiiubl*  nuuljr  par*. 


4,  Atr>iLiKiA.  t^D-  'Ma  cmtalna  f A |>fir rwtt-  Nil' 


^  ij,  l>crTiL>aim  Cijum&— Tlili  ti  tb»  irhllv,  nhlrb  Tirln  In  qiulll;  thin  li/nA  ic  par 

^<  souLtu  ^f,  tbc  hliltiHi  Hbkh  taa  U  luiK  *•  ibt  t"'«oll°wna  Um  piBducUMa  at  ■ 

X         prapoiUan lit iTuuU.    17iii'ituUirlil>)nBia6|  pn-nni. 

\         il  U  u<— lie  Sti'ii  .mlo  itf*  nkateMt  w  If  mwlr,  tllowfoii  tut  l«b«nr,  lb>  Ml«( 

^  'dOK  Ul'ii  u  &i,  tvr  ijiinc  tivf-    "^f  vfuMi  U  (upuuM  lu  t<a  ilmplr  pradptUM  mi 

2w  vb(4,  n^drlnl,  >i«l  ir.::(oiiiTl  ai  ti.  )<(  ounce.    Tbe  cblmtdt  liuu>n(ne>i*rn>i>nHtii 

jjy.  Ah  MiarMliin  mil  niilnn  for  vm  in  tsturha,  uu]  It  IhiM-ir-irr  4I  Uio  Hmr  pflu  H  lb» 

£5n£"«.    na  lUarUa  aiutil  la  U  oliiiliwM*  iiLpcf  nnii  ^lirairr.  lu  bctu  iUvwUiln 

mi'tr  jy***  fc  1  Wh,  pCT  Ik— «•  K  11  •  pr<4<ui  In  ilSn  wui)ili>gu  and  ^lOo  bi  MdoSid 

ArMaf'toarAWMfUl.    Kl(nls<ir  illvti  mi;:!.- brnigjit  ii  )■  <»>  \m  <ra«.te^^lnW 

J>n>  4rwud«  (Iwuld  unar  bi  poivbiiwt,  u  tlkn>()Aiuiv>ta4MA. 
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x8x.  T«bl«  T.  oonUiiM  &  IJKl  of  tho  )>rincli>ul  aiilistanoM  wwli 
in  okctrioal  opentioiM,  anunguil  to  ii<;ocinl  with  the  ouit at. 
"  fiamatity  "  aao  of  **  outreDt "  tuied  in  this  chapter,  as  «xplain«I 
S  170,  shuwina  thAsmoaiit  of  eaeh  required  (or  achemio  unit  of 
■■liictria  qaantity,  llie  weight  (oc^  vl.)  allows  for  the ordinaiy 
impuritiua  of  oommerciiil  erticlea,  and  applies  to  materials  not 
intentlooally  adnltentte<).  The  price  (coL  VI.)  b  anch  aa  the 
(RibataooM  can  be  obtained  at  in  the  ordinary  way  (with  the 
ezceptioD  of  the  sUrer  aalta),  and  where  a  difiureut  price  ia  j>aid 
the  naer  can  readilj  apply  a  oorreotion  to  the  vintt  ooet  (ool.  ^  II.) 
in  any  calonlationa. 

Under  the  Prenob  iiyBtem  of  weights  and  nu««arcB  sneh  a 
table  would  be  far  more  usedil  than  our  aystom  admits,  as  the 
fignrae  for  tbo  amall  Duita  would  «]ti^'!y  eqnalty  to  the  largeotj 
UMmntB  UMd  in  praetic«.  while  in  Uio  Kn^ish  ^tem  one  cal-/ 
ovlation   ia  needed  to  convert  grains  into  ponnds,  and  thou ' 
another  to  aaoertain  the  cost. 


Table  VL—Cort  or  Battbbt  Workino. 


ittMtxau. 


Capftttlaa  ..     ,.     

Sowe     

H     oiMssadeiuli 

Duicll 

Nitrio  Mid,  iM  (t^e 

-     2Bd«faue 

„     and  bjdiMbUsrio  add     „     ,, 

Bjchfctnate  cf  b  ^taih 

„       and  b}<draahloT<a  mM  . . 

a       ri^le  eeU      

MlWjtMII 

Lead  lalphalo      

8nl[diala  of  uoraniy 

Silvnr  eUoride 

„      pcrTabloV.     ..     .. 


tLNJ-. 

Vntu. 


0-50 

O'jo 

i*o8 
1-8 

'•SS 
I»i 

!• 
I'l 

>-s 

■  •5 

*iT 
'•J* 
I'l 

I'l 


Cm*  Id 


Par  DnII    pMEqol-   Pvicso 


O041B 

0*Oj84 

o' tolj 
O'lJM 

e'tUe 
e-1000 
e'J+M 
o'ljjB 

O'MOO 


O'ljt* 

o'OBtS 
o-ojfiS 
0-0S4J 
e-M(9 
o*o6»r 

o'otio 

O'llll 

<>"|66( 
OJO49 
o»oj 
0-1671 


o-oi4T 

o-oija 
0-0090 

O-006& 
o-oi)} 
0-0104 
0-01 i& 

O'OIOt 

a-0115 

O-OIJl 

o-oi6t 
0-0481 
0-0J5) 
o-o)4) 
0-476J 


36}.  Cost  or  BAmRy  WoRXiSO.— This  modii  of  iminft  tho 
table  of  coots  will  bo  aeon  inS  3i;.  Them><xwl«ar<.-lli<>itaufunit 
jMBtJiy.  Bat  to  compare  tlie  real  value  of  difl«ro»tO(.-llM  wo  mnat 
take  into  aoooimt  the  aifrwf  of  the  combination  aa  well.  ThiH 
anbjeot  will  be  cx|>lit!nc<l  iivrMfUT,  Vut  tliu  riHjuircd  infomatton 
ia  given  by  dividing  Uiocoat  per  unit  c|uaiitity  by  MwY>%,^  W 
Tofta  wbicb  ginm  iSo  oott  of  1  eqnivolt  of  e\«o\no  «i^uto  a^I'S 
A^btL    Mff  aaJt  in  pnotical  n«e  ia  the  vo\tram^«TO  ot  yw\«a» 
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andlhaveKhownthevaluos  ittboth  tormsinTailtloVI.  AnotliDT 
point  has  to  be  conBidcnod  in  roltttioti  to  tMxiDotny,  tho  rclativs 
mtonial  resUtancoa :  thu§  whilo  linm  1  And  ;  obow  nuarly  equal 
coat  for  onerc}'.  the  nitrio  acid  coll  givea  the  energy  in  it  iiB<;ful 
furm,  whilo  tho  coppcr-zioc  would  require  7  oells  in  series  to 
ciinal  I  Grovp,  unij  would  waato  tho  greater  purl  of  the  enorgy 
within  tho  colts,  ingtoad  of  an  UHefiil  external  work. 

Tlnj  work  of  I  gniin  of  nine  in  any  oombinaiion  is  giTcn  Ijy 
imiHiplying  4671  ny  tho  EM  F  in  volta  and  dividini^  liy  J2"6 
thu  equivalent  rif  xinc,  or  moro  nimjily  l>y  mnlcing  thia  divitiion 
at  fint,  and  muUiiilying  I45'!5  l>y  tho  KM  F. 

284.  Tho  question  U  froijuontfy  aitlHid,  Wlmt  iit  the  huat 
h&ttery?  The  fortrgoing  deaeription  will  dhow  that  wo  nnRn-or 
is  pofnilile,  for  no  such  thing  exista;  eaoh  form  has  qiuilitloa 
adapted  to  partSevlar  purpoaes ;  each  has  alao  ita  dofectit,  thore- 
fore  aeleclion  tniurl  he  niade  according  to  the  intended  work. 
The  following  olaraifiuatiou  will  asaist  lu  the  aaleotlOD. 

Tadls  VII. — SviTAiiii.iTy  or  Cblls. 

I.   NakBI!  or   BATTRRteX. 


7.  HuLigaiiiMe  cell*. 

8.  Dry  roll*. 

0.  H<iroury  lulnhato. 
liKirl.lti. 


I.  ftonM. 

i.  Dnnlnll. 

a.  Niaio  aold. 

i.  Btohronuta.  10.  Sllvr.r  rJ: 

5.  II     SlnsU  Mil.  11.  MftRii(>to-<](«tria  ranchlcief. 

6,  Chmmto  a«id 

a.  Uses  Oklu  abk  suited  von, — Lar^t  Currenle. — 
Contittuoiu. 

Eleotro-depositioQ         1.  *,  ),  6 

Gilding j,  6 

Silvering         1,  3 

EkotTO-magiMta     5,  j,  1,  2 


Bleotrio  lignt. 

TVnijMrary. 

IndttotioD  ooiU        

Uedioal  ooila 

„        „     pocket      

I,        „     ooutinuouB  current 


3.  « 


5.  ' 


..  S.  J, 

..  7.  8.  '    5 

..  10.  9 

.  8,  9.  1 

Snu'll  CurrtnUand  High  Resltlance, 

General  telegraphs        2,  6,  Ci, 

Occasional, 

Domoatio  boUa  and  tolographs    ..      ..  7,  8.  10,  1 

jBxpiodiag  ftiaev il*  7 

Teetiag  nmBUncus,  &c V  V  1>  ^ 
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aS;.  StcnxDAtT  Bjttrueb. — Most  opentions  arc  revi?i«ibk: 
a  Calling  weight  will  drive  clockwork,  and  the  clockwork     '" 
r»tH  tb«  wei^t.    80  in  chemical  action  oxygen  and  hydn_ 
camUne  ud  giv«  ap  eaergy  while  farming  wator,  and  cqoal ' 
energji  appliod  by  an  elactno  ciirreiit,  droompoeoa  th«  water 
{nnbuiu  it,  in  TacI)  and  tcraratcK  the  gases,     in  this  action  tbe 
energy  of  one  cqui%-alcnl  Ii  t  grwin,  O,  8  ^^  water  9,  b  moAirar- 
aUe  aa  6840  lbot-lb«.,  ftnd  rvpnventji  an  £M  F  of  i  - ;  voiU    Ervn  ' 
ebemiea]  action  which,  giving  np  energy,  ooDKtitutiM  an  cloctiiO^ 
generator,  C*n  be  rerenied  liyamiperiorEM  Frwht-n  it  rt^coivM 
and  DtoroH  energy.    8noh  batteritw  are  Uien'forc  ralti^l  luvunnfa* 
Ion ;  ihty  ore  ueo  called  petariralioa  batteriri  l<c<ntiMO  tbr  K  M  F 
of  (>Iate«  in  an  eleotrolyaed  aolotion  wait  attril>iit<ic!  originally 
to  Bome  electric  polarialion,  whcreaa  it  in  aimply  the  Teaotioa| 
of  the  chemical  ogenta  collected  u]kki  the  platen. 

2S6.  Id  the  Sinee  ooU  due  dufdacea  hydrogen  aa  ahown  p. 
lOii :  let  na  reverse  the  direclioo  of  the  foroe,  adding  also  a' 
tuolecule  of  water  H,0  to  be  deoompoaed ;  then  we  have  ZuSO, 
+  HjO  changed  into  Zn  +  SO,H,  +  0 ;  the  isiuc  ia  separated, 
snlphario  acid  fornied,  and  oxygen  aet  ftree,  prorided  there  is 
ooliiing  for  it  to  unite  with. 

187.  In  thoDaniell  cell  zinc  displaces  oop|>er  from  its  anlphata 
CuSO,  +  Zn  beoouiing  ZuSO,  +  Co,  geueialing  an  E  MP  of 
t  '079.  By  snpenor  foroe  we  can  nrrerae  this  proodsa,  and  by 
eleotrolyaiB  of  uuc  sulphate  fh)m  a  copper  anode  convert  It  into 
flOppcT  Bttlpliate  niid  deposited  dno.  llence  a  Danietl  cell,  whea 
exBaasted,  can  l>avL>  a  reverse  ourT«nt  from  a  dynamo  machine 
paaaed  tlirongb  it,  and  be  fresh  charged.  II1U  form  of"  aootunu- 
lators "  Ilm  oeen  propoe&d,  but  is  not  practicable  for  reaaona 
girenijiS. 

288.  Beverting  to  the  conditions  of  f  187.  wo  have  oiygen 
freed,  and  this  u  wasted  energy  :  it  may  bo  saved  by  Tising  a 
pUte  which  will  sbeurb  the  oxygon  as  a  gM,  sncli  as  porons 
carbon ;  at  we  can  use  a  niat^'rinl  which  will  absorb  the  oxygen 
diemkally ;  snch  an  elcctnHio  <txiiit«  in  the  ordinary  manganese 
cell  $35}.  for  the  noHininxiile  of  innngiiniiio  will  take  on  t]i9 
oxvgen  ngain  iind  mfonii  the  ptrosido.  Iron  or  oxtdo  of  iron 
will  also  act  in  thii;  imtnni'T.  LmuI  im,  however,  found  moat 
SBitkble,  bocnuse^  in  the  pnMinc^i  of  sulphuric  aci<I,  Kttd  docjt  not 
paaa  into  solution  from  the  anode  hut  form*  pemxiili-.  ami  thin 
raiag  a  good  conductor  oonstituten  (§  269)  a  jxiwerfitl  negative 
eUment. 

180.  Ztiu:,  in  tlie  prcawioe  of  aolds  or  alkalies,  or  of  moat 
aetkUic  «lts,  svtH  nn  spojitaneous  action  ;   thbrefotft  &«  tvkxX, 
■top  lomutb  aa  idetu  Mccataalntor  is  to  sabetituU)  aoiu«  vi«le&- 


~*  not  80  Bctcid  H|ion  ;  piilliuliiim  Iioa  tho  propiMly  <if  alworbing 
Qoo  times  its  voliiroc  of  hydn'Kcii,  fcirtiiing  with  it  n  tnio  slloy 
in  which  hydrogen  aiipurcnlly  huoonicw  »  nnliil  metal,  ivnd 
conducts  ulcctridty :  but  for  thii  ctiKt  of  piiUfuliiini  this  woiilit  be 
A  vslimblo  olootrijdd.  ExI)c^^iL■uc»  hoii  nhuwn  that  lawl  is  tho 
boat  aTtiil&hlc  niL-l«l,  nnd  vr<i  thuH  oornu  U>  two  plitti^s  of  lead  in 
R  ulution  of  Kulphurio  acid  in  which  wntiir  iH  eKiCrtrolysed,  tho 
oxygen  forming  [lercixide  of  lead,  while  the  hydrngen  le  partly 
ooclnded  in  the  porous  le&d  mirfftce,  and  partly  eniploy&l  in 
reducing  lead  frt^ni  its  compounds. 

390.  A  aliKht  review  may  now  Ax  in  the  mind  the  prinoiplta 
involved, and  the  relations  between  ■■  primary " and  "Moondary" 
batteries.  In  S  (<^J  >^'t:  have  seen  that  the  KUF  originfttee  in 
the  attraction  of  anic  for  the  sulphurio  rodioal  of  the  a«d,  we 
have  also  seen  that  oxygen,  &c.,  at  the  negative  plate  iaoreaaes 
the  foroe.  General i sing  this  by  tho  aid  of  Fig.  J4.  p.  104,  we 
see  that  there  exi«t«  an  attraction  between  the  +  plate  and  the 
—  ndioal  or  ion  of  the  electrolyte,  and  between  tlic  —  plate  and 
the  4-  radical.  These  +  and  —  properties  and  their  consequent 
attractions  may  be  inherent  in  the  substances  or  may  be  pro- 
duced temporarily  by  means  of  electric  energy.  In  the  ordinary 
biitterr  the  nupcrior  4-  <(uality  of  the  sine  seta  up  the  condition 
of  polarizatioii  and  renders  the  other  plate  —  in  condition, 
in  polar  order,  and  attractive  power,  atthimgh  itt  oicn  nalure  ■« 
+  a*  rtlaltd  to  the  acid,  but  +  in  a  lower  degree  than  einc  is. 

291.  If  then  we  use  two  plates  equally  +  by  nature,  two  eincs 
two  copper,  two  platinum,  wo  have  no  polaiiEiug  force  present; 
but  if  bv  any  means  we  set  up  diflerential  attractions  at  the 
plates,  the  force  comes  into  existence.  If  we  insert  an  eleutrio 
source  in  the  circuit,  we  polarzie  the  two  plates  in  opposite 
directions,  and  give  them  this  differential  attfac-ticm  for  the 
ions  of  the  electrolyte,  to  an  extent  depending  on  the  E  M  P. 
Again,  if  we  modify  the  plates  by  coating  them  with  different 
Buhstauces  the  same  effect  is  produced.  If  one  platinum  plate 
is  lifted  and  exposed  to  the  air  its  attraction  for  hj'drogcn  is 
increased  by  the  film  of  oxygen  absorbed. 

1Q2.  If  we  pass  a  current  through  two  platinum  plates  in 
acid,  we  coat  them,  one  with  liy^ogen,  and  the  other  vrith 
oxygen ;  these  two  films  now  become  active  agCBte,  and  their 
attraction  for  each  otlier  rcActing  aoi^ou  the  eleotrolyUi,  loti* 
up  polarixation.  The  same  rceiilt  follows  fh>m  the  proM-nco 
at  the  two  plat««  of  any  other  substances  having  affinity  for  each 
other,  a  condition  neoeasarilT  set  ap  by  any  electrolytic  action. 
T/jna  nith  load  plates,  tho  hydrocen  rednoes  any  oxide  and  ia 
pftrtJally  txxlniea  in  the  lead,  picaactfig  «.  +  ^ilate  of  lead  aad 
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hydrogen,  iqireaeottiiii;  the  >iuo  of  ordinary  btttt^rios;  tho 
oxvgen  prodnoes  pwroxide  of  lead,  rapresentiiig  the  nitrlo  «dd, 
or 'other  oxidani. 

391,  It  Lb  important,  at  this  •tagtt  to  KwoH  some  ooufoBion 
mboai  poU»  and  vXaJm.  The  wme  tonus  and  the  aame  id«a«i 
oogbt  til  1«  aeea  in  Imlh  kinds  uf  bntiery :  in  tbo  primary 
hattorj-  tho  t«[m  }>late  and  its  nhusoter  as  +  or  —  r«fora  eiclti- 
■ively  (u  it«  rclatiou  to  the  e)eotrdyl«,  and  to  direction  of  tho 
earntnt  m'fAin  iht  baltery. 

Tho  term  poU  applies  to  the  direotioa  of  cuTTemt  tmttiJa  tho 
li«tt«ry  $  167.     But  in  the  Eocondary  battery  the  relation  of  the 

SlntiM  to  tbo  liqaid  cliaDgoa  according  as  it  is  charging  or 
tschftrgin^ :  in  tbs  charging  period  it  is  not  a  battery,  but  » , 
decomposition  ooll  or  a  voltaniotor.  I  have  endc«TOured  to  shovr 
thoM  rolstioos  in  a  diagrua,  in  which  tho  nrrovrs  of  tho  upiwr 
part  k)h>w  the  CTirrvnts  of  discharge,  and  tbo  lower  ones  tnat 
•>f  the  charging  p«rit^;  the  nuafl  intomal  airows  show  the 
direction  of  tbo  tons  of  the  eloctrolyto  dnring  the  two  periods. 
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394.  ITiere  is,  however,  a  tendeney  to  call  tliat  iiluto  + 
which  is  oonnocted  to  the  +  [^le  of  the  aeurce  In  uhorgfutf,  and 
whiuh  itself  fonus  the  +  pole  iu  diwhurging,  that  is  the  len  side 
plate  ill  the  diugram,  winch  is  tike  nerozide  plate.  Profi'ssors 
ArrtwD  and  P<:rTy  have  adoptt-nl  tfiis  outirse,  as  does  Sir  D. 
Salomona,  with  wime  husitatioii,  in  liin  work  on  Accii Ui ulsters ; 
iitlier  authorittos  revurM  the  names. 

The  K.  r.  8.  Co.  colour  the  pole  of  the  peroxide  plate  rtd,  and 
Ki>oak  of  it  ns  the  poniUve  pole,  and  it  is  not  nnlikely  thatj 
liierv  may  arise  a  general  praotioeof  colonring  (lie  tenninua,ttin£^ 
itlso  the  oimdutitunr  of  tbv  oircuiUi  on  sunie  AxeA  ^Hn  wV\c\\  vi''A 


SBOOXDAST    lATTBItreS. 

?raoticallydiep6nBewilhthec()iifn6ionoverpoHitivoatiilBe;;atire. 
'heoditor  of  the  '  Elooljii-ian  'stiggcsta"  Tho  Positive  pint*  of  a 
battery  is  properly  eo-ntlled  bocatwo  it  is  Peroxidiasd  and  Pluiu- 
ooloiir^  :  the  A'ogative  p1at«,  on  the  other  hnnd,  is  of  a  ifentm) 
colour,  and  is  Jtfot  oxidizwi." 

39J.  At  all  cvontK  if  r  nooondnry  hatlory  is  connected  to  the 
Bouroo,  mid  sn  oxtuninl  circuit  is  ulwo  connortcd  jiwt  as  shown, 
tho  plato  A  liccomw  i)  oonntimt  +  pole  to  this  externnl  ctrctiit: 
hut  a  com  pi  icn  toil  »«t  of  ronditiona  ftrirtn :  in  fiict  tho  coU  and 
the  miti.T  circuit  act  lut  durivud  drcuiU  to  thu  nourco,  nnd  it 
dupends  upon  nilntivu  foroeii  and  Foaintaaoos  wlmt  eonrm^  tho 
cutTt-nt  iMkvM  :  ii»  current  onten  tlie  oella  udIcm  tho  coniliiions 
(ire  such  that  the  difference  of  putetitJal  Act  up  lictwucn  tho 
plates  A  B  exceeds  the  EHP  tlie  cell  ittielf  could  g<!iiifnite, 
thdrtifDre  if  the  external  circuit  were  one  of  am&ll  resiaiaiioc, 
the  cnrnmi  might  alto^ther  pass  to  it :  if  die  external  circuit 
Is  broken,  the  cell  reoeires  oharge  frum  the  source,  and  on  the 
circuit  being  closed  the  B[>urca  and  the  cell  act  together  in 
sending  current  to  it.  tn  this  way  a  eeoondary  cell  would  ai'i 
as  a  true  aooumu later,  and  fulfil  the  fnnctioDB  of  a  fly-wheel  in 
meobuUsm.  This  ia  probably  the  true  use  to  wbioh  secondar)- 
battcrie^  will  be  mainly  applied.  But  in  mo«t  oases  atitoraatic 
oommtitjtt<jra  would  be  reqtiired  to  vary  the  ounneutions  to  tiiit 
tho  chaiifing  conditions. 

J96.  History. — The  reverse  cunent  ftom  the  plates  of  a 
voltameter  was  first  obserred  in  1601  by  a  FTeQoh  chemist, 
(Jantlierob  The  same  obsorration  was  made  in  180)  in 
Germany  by  Hitter,  who  made  a  pile  of  plates  of  gold,  sepa- 
rat«d  by  doth  raoiHtoneil  with  acid,  and  Buwjected  to  the  action 
of  a  Volla*B  pile  of  suflicioDt  plates  to  send  current  throut^h. 
The  first  theorr  was.  naturally,  that  the  electiio  fluid  wa^ 
soaked  up  by  the  plates;  that  it  was  an  action  of  snrCeoes 
receiving  charge,  and  that  tho  secondary  pile  was  analogous  in 
its  aottouM  to  a  oondensor. 

The  ehemisto,  and  notably  Becquercl,  noon  traced  tho  action 
by  means  of  saline  soliitioim  t'<  th(^  preHinicv  of  acid  and  alkali 
at  the  opposite  ptatea,  nnd  in  duu  time,  the  diwoi  1  very  of  Grove's 
gas  Iwittery  convinced  the  scieutiflc  world  that  the  return 
cuiTout  was  not  due  to  an  accumulation  of  eleciridi^,  but  to 
the  pnwrnco  of  substanosa  bftving  cheiuieal  afiinitics  to  <-acll 
other,  derived  tVom  tbe  prerioas  de«om))<)sitiou :  and  that  the 
counter  current  was  generated  on  the  taiue  principles  as  that  of 
tho  ordinary  galvanic  cell :  it  was  merely  a  different  mode  of 
charging  a  cell  with  its  active  ingredients. 
^p?.  The  tful>rect  woe  stadied  by  many,  and  DMrly  eireijtliing 
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tbat  U  known  won  now,  wm  diMOVorcd  loii|^  ngo;  Init  it  was 
eiuiply  «  mstUir  vf  Kaonttfio  iniervHt  uul  tlicoiy  witb  tho 
noaeibility  of  WDia  very  limited  a{>pIic:ttion)t.  Amoog  these 
Hr.  Cromwull  F.  VbtIgv  iMnpliiyixl  u  M-riwi  of  dno  «nd  evboa 
pUUc  niorc^uriuliiXKl  (thir  Miiri<vT)avy  cell,  S  32S,  reTurwJd)  to 
tokn  ft  slow  i:ltiirgi;,  imil  delivt^r  it  uu  in  u  ithurt  nLroiig  oarrvnt 
fur  M'nilin/  tiiaos^aU.  In  1861  KirohofT  deviMd  tli«  torn  ; 
which  i«  till}  ba«b  of  tho  latest  improveiuvnts,  poioxide  of  IomI 
o|ip(i«cd  to  spongy  lend. 

398.  In  1859  uwton  Plants  fonnd  that  tJi«  best  effect  was 
pruuu<wl  by  two  sheets  of  lead  in  dilute  ^alpburio  auid:  ho  I 
workod  out  a  sy>>t«iu  of  fonaatioii  by  n-hicb  b«  i;n«tly  inoroaaed 
the  caiMoity  of  the  ptatw.  and  publisbMl  to  tlie  world  a  number 
of  highly  iuteretitingsciontilio  rasa  Its  obtained  by  a  great  aeriea 
of  his  cells  witli  the  aid  of  subaidUry  applianoos  for  converting 
aeries  ioto  laiiltiplc  arc,  and  with  condonacr  plates  charged 
from  the  accamntatont,  by  miunii  of  which  tho  «nor;gy  derived 
from  a  oouplii  of  IliiiiMrn  oolU  wita  eiutliU'd  to  produoo  efieots 
which  would  liavu  rviuirvd  tliotUMiud«  of  rwik  ix^lU  in  aeries  to 
prodnco.  U.  llimtu  ntiidied  tlui nubjoct  uxhauMtivfty,  disooverod 
ptvUy  well  all  thoru  it*  to  know  aWnt  luul  nviMudary  battenM  ■< 
and  published  it  to  tho  world.  Hu  in  u  striking  itistixnoo  of  a 
maodoing  thoronghly  rood  work,  ami  doing  it  with  little  pTv>fil, 
whiU  others,  taking  iij)QiaUboiir8,have  pa  ten  tutl  every  imagin- 
able variation  in  tho  (unit  and  arrang«ui«nt  of  his  bitttory  and 
obtaincl  in  loaui  ctiava  largo  sums  of  motioy  thoreirom.  But 
Ptantfr'a  name  will  be  aaaociat«d  with  thv  aeoondoiy  battery 
when  thoao  are  all  forgotten. 

399.  Beal  Interest  in  the  storage  battery  dates,  however, 
Irom  May  1B81,  when  Sir  W.  TbomsoD  pnbli^ed  »  lt:tt«r  in  the 
'  Time*,'  anuounoiug  his  poMseeton  of  a  *'  marvellous  box  of 
ekctrioity,"  in  which  "  a  million  foot-pounds  of  energy  "  bad 
travotled  from  P^ris  to  Glasgow,  and  which  box  was  atjtt«d  to 
bo  the  "  pncticat  finition  "  of  electric  storage,  and  was  to  do 
"  for  tho  electric  light  what  a  water  cialero  in  a  house  doea  for 
an  tneoDBtaiit  water  supply."  Tho  public  and  the  general 
preM,  ignorant  of  the  fact  that  tho  large  Bounding  million  foot* 
pounds  only  represented  thopotanlialeneiKf  of  about  i^  ounce* 
of  coal  or  the  cnerg\-  developed  by  an  ordinary  ateau  engine 
with  I  lb.  of  null,  iwoame  greatly  exoited,  and,  in  no  fmat 
time,  the  million  foot-poands  woru  converted  into  a  mUlIoo 
pounds  sterling  (more  or  Ivmi)  to  tw  invented  in  tho  inventioD. 

]oo.  lie  wuMlorful  Imx  or  electricity  ODDsistod  of  lead  plates 
<.«ated  with  a  pimte  uf  n.-d  oxidu  uf  ImiI,  minium,  held  to  \lkvb 
surface  by  moans  of  a  wnppiag  o{  felt     It  whs  \tt  UfA  %  V\»i\h 


lHttt«i^',  npon  whioh  V.  Fauru  hait  ikjiplierl  this  ooatint;  in  nnter 
to  iirrivm  at,  t,  a  qnioksr  ruHult  liy  ilcung  nvrny  with  tho  neod  of 
tlif-  {)ro(<(.ttti  uf  "  formation ";  i,n  ereater  Gai>acity  in  the  Hiini,) 
»]>ai:6,  \*y  luMnu  of  tho  larger  1>u)k  of  tlio  (isidu  ready  fur  im- 
luediaU!  aotlon.  Then  followed  a  lioat  of  "  inventions."  aumo  of 
whioh  wane  ataodated  with  the  first,  directed  to  i,  securing 
the  ooutaot  and  adheaioQ  to  the  lead  [^teti  of  the  apongj'  dulbh 
of  oxide ;  3,  obtaining  the  aponiEjr  niaes  from  different  materials : 
and  },  of  developing  the  original  Plants  system  and  enlarging 
the  aurfaoo  of  the  lead  in  a  given  space.  A  few  have  attemplod 
other  aubetauoQB,  but  ao  far  ei[>erioiice  oonGrma  il.  I'lautt^'a  own 
exporieuce,  that  nothing  is  practically  do  good  ao  the  two  lead 
siirfAoea  in  acid.  I3nt  the  storage  hatter}-  is  still  n  very  long 
wn,y  from  fnUilling  its  promises,  though  it  does  good  work,  and 
may  bo  expected  to  do  much  better  when  the  earlier  pat«iits  no 
lunger  stop  tho  way. 

For  obvioiis  oomtneroial  reasons  tho  ordinal^  Plants  form  is 
rarely  ntiulo  for  snio,  because  any  one  can  doII  it.  and  it  has 
dilHuIvantAgos.  But  om  my  readers  nrv  largely  of  that  clmw 
who  like  to  make  their  own  ap]>iLn>tiiH,  I  ahiLll  explain  Uie 
nature  of  tliiH  simple  form,  tho  principlee  of  which  nuderlio 
oil  the  othera.  Alao,  where  space  and  weight  are  not  soriouH 
oonndorationa,  1  believe  it  will  bo  fonnd  that  this  earliest  and 
simplert  typct,  tho  plain  slicot  of  lend  with  thin  active  films 
formed  npon  it,  will  lie  found  very  efticient. 

lot.  Contirticliim,  The  early  fonim  conaistod  of  two  thin  ahoeti* 
of  leatd  with  Ml  or  Otiier  [lurDiiit  material  butwMiU  them,  ix>lled 
intoacyliuder.andplaoediu  ajar.  This  muke  nuy  have  ita  dm* 
for  amateura  on  the  small  aoale  ;  but  if  ailopted  the  felt  ahonld 
ber^laoedbyatripsofvulcaniaedruhlKT  ptaoed  diagonally  and 
in  opposite  directions,  between  the  two  aheeta,  so  as  to  support 
the  lead  in  a  eort  of  lattice  work. 

}OJ.  Flat  plaleg  are  much  the  best,  the  alternate  onee  ooi^ 
nected  together  ao  that,  whatever  the  number  ofplates,  they 
act  as  one  pair  of  plates  iu  each  aejiarate  cell.  The  beat  way 
to  cut  the  platos  is  to  make  them  ui  pairs,  that  is  to  cut  the 
lead  &tb!  into  pieces  twice  as  long  as  the  intended  plate,  and  an 
inch  wider  ;  mark  the  middle,  then  cut  down  to  tliis  mark  from 
the  opposite  «i<lea  at  tho  two  ends,  leaving  the  extra  atrip,  and 
between  these  ci>t  along  the  mark  ;  tbia  gives  two  plates,  each 
provided  with  a  kmg  oonoecting  strip  forming  part  of  irself :  it 
M  better  not  to  tarn  the  cot  a  aharp  angle,  but  to  curve  it 
where  the  atrip  leaves  tho  plate. 

^03.  Tho  platos  are  to  tw  arranged  in  tJw  vessels  with  the 
#</7/w  mitcraaiety  on  each  side,  and  with  one  plate  more  on  on« 
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■ilk-,  f.)r  lln>  fiwugj*  load  plat?,  as  only  one  niJo  of  ibo  outer 
jilittud  u  ACtcdon. 

The  ulrip*  on  eodi  side  on  tbea  to  be  all  brouebt  togelber 
U)d  finnljrcUiiiped  witb  a  oonneotjuu  to  unite  tbe  cells  together. 
It  iaevm  btittor  to  tin  iho  stripe  awl  aoldcr  them  tofetliwwitb 
a  oonnecting  utrip  of  tinned  oopper,  and  tbeb  to  ihoronglily 
varnuli  thorn. 

Tbe  plate*  can  be  etupeuded  eitfa«r  bv  a  rod  running  tbrough 
the  JMutit  of  the  atri|>a.  or  br  a  eroas  oar  of  ebonite,  or  notl- 
paraffiDcd  w^od,  fitted  under  the  joiuta,  and  feufiportiDg  both  sel« ; 
they  iihoiilil  learc  a  dear  ecpaoe  of  i  or  i  inob(«  iu  the  vessel  bolow 
the  plaUo. 

;o4.  TItt  (iiVl-u«M  of  the  Itad  nitiBt  be  saffideDt  to  bear  ite  own 
weight  nml  tlm  slruiiiH  put  upou  it  after  use- :  lh«  peroxide  plate 
Rbuald  tlioicl'tiiu  beabuut  double  SB  thick  ao  the  othor:  in  Lnriio 
batlerioa  lead  i  milUmelre  tltick  is  used,  whidiia-o^^t?  inch, 
orabont  2A  gboots  to  the  inch.  One  sqnare  foot  of  U-ad  i  inch 
thick  weiclis  59-1  lie.,  therefore  this  would  bo  about  j|  1t»;.  K-nd. 
Tbe  nunttur  (.-olU  arc  mado  of  lead  little  thicker  than  thnt  pro- 
t«r«il  fur  damp  walls,  which  is  about  4  to  5  onitccfl  per  f»(^t. 
For  onliiuiy  )>Drpot)e«  it  is  probable  that  sheets  of  1 J  lb.  and  t  lb. 
would  bo  most  advantageous,  with  the  formation  carried  bo 
fu-  oa  U>  convert  ^  lb.  of  the  IcAd  per  foot,  to  pvrosido  on  the 
W«  plats.  Bnt  for  beavjr  work,  and  where  fint  outlay  i«  nut 
or  moniDnt,  4  lb.  and  j  lb.  lead  is  tho  beet  and  cbeapent  in  tho 
long  run. 

30V  S«parati»g  ttrrpt  are  desirable,  and  may  bo  of  paraffined 
woud,  india-mbber,  or  any  convoniont  non<iond actor.  In  the 
btavy  grids,  poreelaiti  studs  are  nscd.  and  a  convenient  separa- 
tioo  may  be  adapted  to  plate«,  by  cutting  at  rognlar  inte'rvals, 
an  tb«  spongy  plate,  holes  half  an  inch  long,  and  a  quarter  wide, 
■Mood  oiacuy  alike  on  all  tho  plates,  and  potting  iu  tliLin  H 
pl«a«  of  thick  india-nibbor  ait  inch  long,  with  tliu  croas  piece 
naif  an  iocJi  long,  bo  aa  to  lill  tho  holea. 

'Ilio  wholo  mi  of  plates  thonld  bn  firmly  l)Ound  together,  with 
■Dpporting  Btri[iH  of  wood  so  as  to  U:  pluocd  iu  or  romovcd  from 
the  oall  conveniently. 

30S.  Spaa  for  aeid  must  bo  allowed,  Hnfficient  to  efiout  the 
lotwD,  tnureforo  the  distance  of  the  iiUIcm  iniiat  be  propvrly  ad- 
Jnled  :  circulaiion  cannot  bo  depended  on,  but  the  baltom  of  tho 
plaica  sltiiuld  have  a  roaoe  below  them,  and  their  top*  should  bo 
nnder  tint  liijnid.  in  oraer  that  tho  beat  and  escape  of  gHS  iitay 
jitiidiioo  a  current,  and  draw  tbe  external  acid  between  tbo  platm, 
iteu  pound  of  lead  reguirrej  Ih.o/ocidtocoDVert  it  mU)froL\Y\\ii\A, 
and  as  Jjr  tho  j'rujvrtivas  givtia  ubovo  ibvru  woulii  \)e  \  W.  ol 


K<4i1  to  Ik)  convortod  por  t>qiiar«  foot,  this  requires  spaco for  ^  lb. 
of  aci<l,  iirhich  woiiM  bo  contkinod  in  n  space  of  1  of  sn  iiicli 
between  iho  plates.  Kvcn  Inrzor  vpaoo  io  dosinlile.  In  ordor 
to  [trovent  tbespiirliag  of  acid,  it  in  well  to  provide  nloping 
pliktcB  of  gUsit  above  t£e  plaice,  Biinportcil  by  m  bur  oroeniiit;  tlio 
middle  of  llie  cell.  Anotner  plan  in  to  pour  inpltcd  piininin  cii 
ttio  liquid.  BO  as  to  form  n  solid  covering ;  oil  Iiiin  hIko  bi-cn  iwwl 
bnt  does  not  altogothor  stop  tho  Ppurtiug. 

J07,  Chnlaininij  rrgtcU  may  li«  of  aoy  Huitnblo  mBlerial,  but 
glEu>8  bos  the  great  advantAgo  of  prnnitttn^  tliR  actiuu  to  be 
wftlcliGi):  if  lead  TQa8ols,or  wood  lined  with  ocnii-nt  or  other 
opaque  TossoU  oro  it«od,  tbey  sbonld  bo  c'ivcr«d  with  Khcet  glass 
for  this  reason.  Thoy  must  not  bo  ontirdy  cloru^l,  Iwoause  gases 
nro  g<Mi<,-ratvd  and  mtist  be  allowod  to  osoapo ;  they  should  uot 
Ih)  uncovered,  in  order  to  resist  cvsjioratinn  nnd  also  for  preven- 
tion of  ditt  which  would  1>o  likely  to  rtnult  in  nhort  oircuiling 
tW  platee,  a  thing  vory  likely  to  occur  and  obviouiily  injurions 
to  tlio  working. 

jo3.  /"  vioiinling  balti-rifg,  great  care  ehonld  l»'  tulcuu  to  insiiluto 
them  thoroughly :  they  lihould  not  Miind  on  11  fliwr  ur  nhelf,  but 
on  a  frame  of  two  bars,  thoroughly  cemented  with  (^litch  ;  tho 
cpII  should  not  oven  standdii-trtly  on  those,  but  npon  imiuluting 
foot,  themselves  standing  in  a  cnpof  resin  oil.  Thiit  ouro  will  ho 
well  repaid  by  economy  in  working,  and  general  Hntinfaetion, 

JO9.  The  tfrfiigth  ofthearM  vanesdiiriogthoncUon,  becoming 
strongCHt  when  tin-  eburgt^  i^  eoniplete  iind  one  pliite  is  converteS 
into  Bl'Oiigy  lead  unil  lliu  other  into  peroxide :  wlien  diMi'liarge 
is  ooniplot«»l  u  groat  part  of  tbo  acid  is  absorlxid  in  fonoing 
sulphato  iif  l(iad.  Sevorol  consequences  result :  1 ,  tlio  rosisianeo 
of  llie  batterj-  is  lowest  just  when  its  E  M  F  is  highest  and  tiff. 
vfTia ;  where  the  material  coiiKints  of  a  porous  nuus,  contain- 
ing liijuid  oonfiiuitl  among  itH  intoraticos,  tho  acid  may  be  ex- 
hausted long  before  tho  material  itself.  As  a  conscqucnco,  a 
cell  ooutaining  a  largo  innss  of  active  inatcnal  may  ho  able  to  do 
but  little  work:  UitBUerietiaalnoanaeenmiilativeonc;  portions 
of  the  mana  become  piaolicallynonuoiiduoting  and  inMilato  other 
[lortiona  to  wliich  the  ncid  has  acocMi,  bccautio  in  very  diluioaoid 
instead  of  Uic  normal  sulphate  PbSO,  there  is  a  tendency  to 
pmdtioe  tbo  basic  sulphaie  PbSO,  +  PhO  which  is  not  readily 
T>'i|uced  by  bydroKen.  The  siuiplu  Planio  fonu,  with  its  thin 
Dim  of  active  agents  prewnting  a  large  xiirfaoo  freely  bathe^lby 
eii-cula'ing  liquid,  is  not  subject  lu  this,  which  is  tho  cunso  of 
the  failure  ofmany  of  iho  patented  Latleries.  The  prautical  effect 
/«  tint  the  cells  sbonld  contain  an  ample  supply  of  liijuids,  and 
ffwjyr  faoility  thould  bo  given  to  ciioulation. 
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iio.  The  chnttMl  afti<mii  fari/ vritb  tho  HtrODgth  of  tfaa  aciJ, 
ana  it  is  foun^i  tlutt  th»  lH:>t  Mrongth  corrceponda  to  a  sp, 
gr.  1*110.  and  tho  slrvngth  mIiouIi)  not  bo  aIIuwin]  to  go  below 
1*150.  A  bydn»ii«t«r  gives  in  fmst  tho  clearost  gntoaDoe  to 
the  eonditian  of  tho  bnttoiy,  and  i*  in  regular  uw  in  all  prec- 
tirnl  operatione. 

^liJUUiT  of  nxta  was  addcl  to  tho  Bultition  by  IVTr.  Umlior 
Starkoy,  and  is  alrongly  ndvocntod  by  Ur.  Procoo  oa  a  prvvcii- 
ttvo  of  Bolphating.  rhooolniion  he  finds  tho  b«.-«t  is  13  flniil 
onnoes  of  sulphuric  ncid  added  to  a  quart  of  satnmtcd  solutiou  j 
of  OOEumcm  washing  cnda  well  stirred:  i  part  of  this  addi^d  to  [9  | 
of  water,  and  5  of  snlphurJc  ncid  givos  tho  working  aolutioa  of 
Bp.  gr.  t'3tO. 

3 1 1.  FouMATiox. — In  all  forms  of  tho  load  socondaiy  battery, 
tlio  essential  point  is  tho  )ircsonco  at  thi.)  one  plato  of  a  supply 
of  peroxiilo  of  Icnil,  in  qnanlilg  adequate  ti>  the  work,  in  tx/uditivn 
to  do  it  (  ffrctively  ;  tho  difficulty  in  to  iiiiitv  tbc*o  two.     U  hen 
a  cnrrrnt  in  first  irnsusl  butwiicn  two  Kho^M  of  Iwnl  in  (•ulphuric 
acid  andi.'r  an  K  M  F  of  2  *  5  vottt,  11  tbin  film  of  brown  peroxido 
of  lead  fornui  on  the  niiudt:;  then  oxygen  <--Hctii>i'K  iinil  no  iDoro     J 
peinzidt)  fonns:  tho  rr-«:'on  !'•  thikt  tbu  poroxulo  l>ving  a  con-    I 
dn'-tor  of  ftrrlricity,  tbo  action  occurs  at  its  surfaoo  in  contact    I 
with  tho  liquid,  and  this  surfiioc  can  iinderco  no  change  by  the    ' 
oxygon  genoiatcd  thrrc^.     Only  n  vviy  KniidfohaTgocan  l)0  stored 
or  givoD  tip  asa current.     Ifattbi>»sI>igi<tlmcurnintisrcTenicd, 
first  tbo  peroxide  in  lodueod  to  lend,  which  is  in  n  more  porous     | 
stato  than  atfirst,  anda  Uiin  txxit  similar  to  tho  firat  is  pro-     I 
dncod  on  tlie  other   plate     A    ftoth  ^:^'('^»al  allows  a  larger    I 
quantity  (ifpi-roxido  to  lin  pniduoiid  on  tbo  fimt  niato  becaitso     ~ 
its  gran ulur  state  prMxinlei  a  liirgiirstiTfitou  and  holds  acid  within 
ita  pores;     Aftor  a  fuw  xuoh  reveraals  thu  limit  of  this  inurcO'e 
is  rcochvd,  and  then  it  boconies  necoi»nry  to  allow  a  period  of 
mt  after  vlurge.     Now  Uii-at  aelion  oounrti  botwoon  tho  surfaces 
of  load  and  tend  peroxide  in  contact  in  prcaonco  of  ncid:  tlio 
•onie  ooaditionn  exiatiug  thor«  a*  onatdc  the  two  separato  platoa 
to  guiitnio  a  ciim:nt. 

lit.  This  nctiiin,  Uio  source  of  the  F.MF  of  tJie  sccondnrj- 
liatbcrj',  ia  lln-  ti-udenoy  «f  iho  wtoud  atom  of  oxygen  in  IMiO, 
(wliicb  atiim  ling  in  fact  ln^n  forced  into  the  molooiile)  to  pObS 
0ver  to  the  lead  surface,  and  there  jinxlucn  tli«  more  noriaal 
protoxide  ri>0,  tli'iH  rviidurint;  both  surfacea  alilco:  other 
actions  fallow,  but  this  tninnrer  of  uxyK<:n  from  tlift  porcixido  to 
tbo  Wd  ill  ifao  otscnliul  action.  But  thia  ocoura  in  tho  presence 
of  ■olnhnrio  odd  wbieli  ua'ttea  with  llio  nowly  (oimeA  i;iT«Ui-d\o 
ot  Um,  pToSttcing  aaljilmto  of  }va4,  ia  a  wluto  &\m  uuo\xi\i\«  vo. 


SiDCOitriARV  SATtKitlRs. 


the  acid.    Wo  have  in  fact  first  I'b  +  I'bO,  becoming  PbO  -f 
PbO  ana  tlicn  I'bO  +  II.SO^  becoming  PbSO^  -|-  H.O. 

)  I }.  Beduelion  t>f  had  tulphaJt. — On  now  revorsing  the  citrront 
thu  a|ion^y  films  of  poroxido  and  sulpliat«  of  lead  arc  ponotrntcd 
with  acid,  which  therefure  ia  in  contact  trith  tho  Ic-ad  feurfaoo, 
and  wh«in  decompoeed,  preeoots  it«  hydrogen  to  the  sulphate  of 
lead  M}ii<.'h  ia  rodnced  to  lead  in  a  spongv  condition.  This  du- 
couipusitioii  of  lead  8nlphat«  was  doubled  at  fintt,  but  it  ie  tho 
basis  of  tho  action  of  the  anlphate  of  lead  baltory.  i  aiS,  vrcll 
known  fur  many  years.  Mossrs.  Gladstone  and  Triljc  jinivcd 
that  when  two  plates  ctatcd  with  I'bSO,  have  cnrrcnt  piuwud 
between  them,  not  onlv  is  the  load  aulphato  on  the  oathodo  or 
aydroecn  to  grey  s]<ongy  load,  TbSOt  +  H^ 


— plalo  roducod  by  tiyaroecn  to  grey  s]<ongy  load,  J'bBU*  +  "i 
=  I*b  +  H^O,.  1>ut  that  the  oxygon  converts  that  on  tho  anode 
to  peroxide,  I'l.SO,  +  O  +  H,0  =  PbO,  +  II^O,.  TOgonoratiug 
tho  acid  at  the  Mimo  time.  Since  tlu-n  there  have  been  many 
discusBions  nifout  tho  reaction,  and  many  diffcn-mt  npinionn  ex- 

Siressod  <u  to  tho  nature  and  order  of  tho  rJinngco  wliioh  occur 
luring  chnrgo  and  discbargo,  but  it  apiMum  that  tli«  tnic  uetiun 
is  that  dcecriliod  above— tho  transfer  of  oxygen  tbrongh  tlie 
agency  chiefly  of  load  sulphate. 

A  series  of  such  reversals  therefore  converts  the  snrfiMX^a  of 
tho  lea<l  pla(«-s  into  a  mafs  of  e|v)ngy  lead  capalde  of  ready  oon- 
vorsiun  into  peroxide  of  Ic^id.  Hut  this  moss  of  spongy  lead, 
and  also  the  puroxido  coating  its  surfaces,  is  in  actual  mt^omlar 
oontnct  with  the  load  plato  itself;  itisnot  merely  in  nK-clumiml 
contact  with  the  li-ud  p1at«,  but  an  n<.<tmil  jnut  of  the  plate.  It 
is  in  thU  fact  tliat  the  prindral  advuntaee  of  tho  sim^  Plantii 
oonsials :  but  tho  tumu  obomicol  princijiTee  apply  to  all  other 
forms. 

J 1 4-  Time  of/irmaiion, — The  directions  of  Plants  aro  to  effect 
Kix  or  i;lght  )vver&als  (if  ourient  tho  Unit  day,  prolonging  tlto 
kucci.wvc  ohargts :  this  is  to  bo  oontutued  ttto  next  day  till  tlio 
dumtiiMi  of  UMiful  cJiarging  beoomiM  a  oMplo  of  hours :  at  this 
limit  it  becomta  ncct'osary  to  civo  intf'rrals  of  rest  Iwtwccu  tfaa 
ohargtiK,  during  which  tlio  Ipcal  aciioo  dnsorilx'il  $  3 1 3  takefl 
place  :  tliene  rcslti  retiuiiv  KTuduul  prolongation  to  several  days, 
Whoti  the  cell  approachos  ltd  iutundol  lunitA  of  capacity,  we 
completion  of  its  formatiou  can  go  ou  gradually,  dnring  ootaal 
wori. 

315.  Htal  aiwittta  Uw  fomialiunand  reduecs  tho  timo  reciaired 

for  tlu'  proccwa:  tberofuro  during  the  chart;ing  the  tomperature 

may  be  rained  to  160°  Fabr.     But  heat  is  objoctii'uablo  in  actual 

irorkhig,  becmato  it  Cuiiliutcs  the  oxygen  and  hydrogen  ouum- 

iog  the gaiteoua  state  and  going  oR  to  wute. 


AteiJtol  Kililotl  ti>  tb«  extent  of  5  per  cent,  to  Uio  itoid  aoliitiga 
U  iMkiil  to  mmmt  tlic  fonnation. 

Hilrie  aeid  in  reeouiowndod  by  Plantj^,  wlio  anya  IJuit  by 
■oftktDg  tbo  plalet  for  aoroe  hours  in  nitrio  acid  luUwl  wtlb 
fli]i»l  volumo  of  water,  hu  grmtly  roluoed  the  tiniR  of  fi)rRia> 
tjon.  Thtt  eSwl  is  to  prodiroe  a  |>oi\)<ia  surface  mom  iiniokljr 
Mtej  nyao, 

Amaiyamattim  of  Qte  leoJ  hu  liMu  omployed  ami  ia  pat«nl«d 
by  Pavet  UtggH,  who  claims  ila  first  nw.  It  is  by  no  ineana 
cti-jir  tbnt  it  in  an  adrantage  ici  the  Plantv  form,  though  it  ia 
■aid  to  Im  tiacfii)  in  the  oaoe  of  tprids  p«cke<l  with  oxides. 

Sulphate  »/  manyanne  in  small  quantity  iaalso  said  t>  aHxist 
tlui  funuitlioii. 

jt6,  Mi.«!ijicalioiu  r/  Plnntc*  htUvrg  have  been  duvlw^l  in 
Et«at  iiumtwrs.  Suute  have  packed  Uie  spaces  in  a  jar  uoiitaiu- 
ug  a  ]Mroua  eell  with  granulated  lead,  or  flbroua  lead,  or  shtwt 
lead  out  into  narrow  strips  except  at  the  top  to  keep  up  oou- 
DetTtiou.     They  have  naually  provwl  to  be  nuisanoeSi 

De  MfriUna'  cell  vraa  Iho  first  modificaliou  of  the  Plantv. 
The  plat««  are  formed  of  Ihin  Bheota  of  lend  placed  one  over  the 
otiwr  like  the  leaves  of  a  bwk,  cut  off  in  alioc*,  and  the  vnds 
•uldered  together  to  unito  them.  The  result  ia  a  block  uf  load 
about  one-thin)  of  an  ineli  thiik  with  a  vast  nunibur  of  hHi* 
in  which  the  action  is  cwrrie<l  on.  and  which  become  filliid  with 
MTOxide  of  lend  in  the  one  block,  and  spongy  lead  in  the  other. 
Tbiii  give*  niuelt  con centr.it ion  of  tuat^irinl.  but  ihe  funiiatioti 
has  to  bo  eDocted  aa  in  tho  I'lante.  while  it  is  eTideut  that  the 
■ctJort  ia  limited  hy  the  ninonnt  of  )ii|Utd  which  penetrJites 
between  the  films  of  lead. 

KtAalh'i  cell  is  a  inodilicntion  of  the  Meritcns  ;  it  oousista 
of  similar  plsUvt  built  up  of  Ihin  sheet  leid,  but  those  tttrips  are 
jMSaed  throngh  a  pair  of  rtdloTs  which  pmlnoo  disgonat  corm- 
gationa,  Thc^  Ixiing  intcrlcftvod  with  plain  Btri|«,  the  plate  is 
OonipOMd  notof  mirfacesin  chwe  contact,  but  of  a  8«<rtfs  of  small 
tabw  sloping  upwards  and  tending  to  produce  a  circnlation  of 
the  acid  throughout  tho  plil«:  IJiis  appears  more  promising 
than  tba  plain  strips,  but  in  all  likelihood  tho  tubes  would  soou 
he  fillud  np. 

J 1 7,  Mrtum.  Fil;-jfraid,  Cnmpton.  and  others  nnito^l  in  pro- 
ducing a  biittcry  )ilate  oompoHud  of  a  thin  slicet  of  lead  with  a 
coating  of  spongy  h»d,  derivo<l  frtim  tho  cloctrolysin  of  chloride 
or  other  tal'aof  lead,  Hnbuiittv<l  to  n  proHmre  by  whiohlho  particles 
of  lead  are  to  mmo  extent  w«ldod  togolbor.  and  made  coherent. 
Tbor  also  used,  as  tho  b^timgen  ptftt«,  tt  mintun)  of  cfti\yi'ci  %.i^ 
ltd  ivnd. 


It  sLouM  bo  tinilc'iatootl  tliat  I  am  (lt«ci'i1>iiifl|  dcvioe*  which 
have  uo  ei'txit  iinutitul  micovtui  for  tlii>  liurifrtit  i>T  oxponmcuUirii, 
to  whom  It  Ik  an  uilviintag«  to  liiion-  wliut  othi'nt  hnv4!  triuil.  TIuk 
corbuii  luiituri'  la  nithci'  tempting,  hm  ciirlxjii  almorliH  giuteai,  uri 
that  it  may  hv  uttcftil  to  know  tluit  it  ilacH  nut  imnn'L-r  at  tho 
oxygen  ]>lntc,iut  iiancont  oxygen  BotKOn  tUomoat  rcfnu^tory  foriii-i 
of  oarlMU,  but  that  it  iluCK  sorvo  n  purjHWo  (wli^ithor  worth 
aerving  or  imt)  at  tho  hydrogen  iilntc. 

)i8.  Otha-  MetaU  Luvu  lit.-oii  tnod,  iind  no  doubt  willbcagaiii, 
BO  a  fow  woriU  iiiiiy  l>o  usufid.  Mr.  Sutton  ]>ropoKi>d  a  load 
plato  to  lie  )>i>i'uxi(littL-il  and  n  copper  to  bo  ultcniiitoly  dimolvod 
and  dt-pueiti-il  from  the  Hulphnta  foriiit^d.  I  itlnii  triiid  tito  com- 
biualiou  of  Icail  imd  eiiio  ut  nn  ciirly  diiti!,  uiid  Koguior  hiiH 
claimed  gieat  tkingK  fur  it  niiioo.  But  Kuuh  combiuutiono  ia!l 
OD  any  large  scale  for  titu  ruuKonti  to  follow. 

MtlaUif  totulimu  du  not  iinHwiT  in  practice  for  tho  rcoaon 
that  I  liavi^  hud  frvt^iiQut  ocLikHiou  tii  rofur  tu.  The aotii)U,  au1e«a 
vort"  idow,  a1ti:m  tho  hiyor  of  lii|uid  in  eutilact  with  tho  nn--lal, 
which  then  iL-funea  t^i  act:  in  charging,  after  tlie  first  «cti'>u 
tlii^ro  Ifl  no  iu<itallio  lutlt  prvwnt  to  ducomposi',  brit  only  ntid 
which  given  off  put,  nnd  mo  tho  mctAl  dopoait  Ixjconictt  iiou- 
oohoront ;  in  dinclinrgc,  tlu^  metal  Kalt  forms  too  rapidly  to 
diwidvi;,  and  cryMtalliw-'ii  on  the  pintv. 

Arid  toUiHinf  othi-r  tlian  Nidphnric  might  bo  UBcd  and  tio 
doubt  will ;  but  IiydrDL-hhirio  acid  wlieu  cicctralyaod  does 
not  give  up  H  and  (?I  niniply,  it  ia  alwayit  accotnjianicd  witli 
oxygoD,  aud  tic  renult  ia  the  funiiution  not  of  chlorides,  but  of 
oxyohloridce.  which  an*  excm^dingly  refractory  in  reduction : 
for  ihia  roasou  tho  chloride  of  Mlvorbuttery  faifa  iu  revoroal,  or 
else  it  would  couatitute  an  admirable  storage  battery. 

Alkaline  ealuliimt  csuuot  bo  used  with  load  bocauso  tboy 
dissolve  it.  but  tbey  may  be  employed  with  some  other  mctale, 
aa  iron,  which  at  ono  plato  woud  abeorb  U  ami  ibrm  iwroxido 
at  the  other,  fonniu^;  a  batteiy  of  rather  low  E  M  F. 

319.  Faub^s  Batteuv. — Thin,  which  la  the  woDderTuI  box  of 
okotricilj  tnentioned  S  399>  is  the  l'lant6  cell  iu  which  thu 
proceea  of  formation  is  nearly  done  away  with  by  coating  tho 
plates  with  a  pB»to  of  rod  lead,  convortod  by  electiolytic  action 
lutoapougy  load  and  peroxide  of  lend.  All  tlii-  remarks  made 
as  to  lead  batteries,  thvroforcy  apply  to  this  as  to  tho  simplo 
Plants.  It  is  the  runudaliou  of  all  tlio  vtirious  fonns  of  secondary 
battery  which  have  boon  deviled  einoo. 

At  ftist,  this  C«n  was  made,  of  uoccvfity,  with  Koniv  material 

ituoA  as  felt,  asf-cetve  doth,  dec,  to  bind  tlie  luatorial  to  tho 

phtea.     Tiicso  all  add  to  tJie  resietauou,  kwVkV  cucuUllon  of 
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liquid,  aud  eoodct  or  Ut«r  rut  away  ttnit  dUiiit«t;r&te.  By  the 
couibiuatioD  of  tlie  patents  of  Swan,  8elluu,  and  Votkiu»r  witli 
tliat  of  FAOre,  thiB  battery  assniDM  the  form  of  small  inaaeeB  of 
the  porous  material  cootaiaed  iu  apaoes  iu  leftd  p1at«e.  I'bere 
are  a  varioty  of  moaos  of  offoctiu^  this,  snch  as  inakinf;  tho 
jdatee  uf  uioponaotwoTk.orof  porfoiatodshodt;  but  the  wlio]« 
•int^tion  reeolvee  iteolf  iuto  tb«  tbickneas  of  tlio  poroaa  man 
which  cut  be  tuod  to  adyautn^^o :  and  its  proportiou  to,  and 
efleottial  secoriDc;  te,  the  lead  oondnotor. 

]]0.  The  E.  P.  S.  BATTKKit:^  mado  by  the  Electrical  Power 
Storage  Company,  are  Uio  outcotno  of  thoeo  combined  patients 
and  eeveral  yean  of  caroful  study  of  the  condilions  of  n-orking. 
After  many  tail  iiica,  they  appear  to  havo  arrivtvit  at  a  praoticalty 
tutiAraclory  ooiutruolioD,  modiftect  to  miit  tho  s{>ociiil  roquiro- 
iikcnts  of  rariouB  npplicatiuRit.  Tho  list  of  tliu  makes  saitcd  to 
luoct  xenenil  work  may  1k<  M>criil. 
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TliOHt  pintfl*  or  ^fids  are  rigid  eiiougb  to  oirry  titi-ir  weight 
without  injury  wban  reetjiig  on  snpports  at  the  boltoin  of  tho 
coll:  n-otut  improvenients  have  consistMl  in  increadu);  tho 
number  and  reducing  the  sise  uf  tho  holea,Boa8  tu  bring  thv 
active  mah'rial  into  closer  contact  with  the  vondnctiug  plato. 
and  in  so  sliapiug  the  buica  ha  to  rosist  tho  tendeiioy  uf  tliu 
mdluta  to  fill!  out.  I'he  perosido  plat«A  arc  ohar|^  with  red 
itnd  and  the  sfxiDgy  pUtte  with  litharge,  which  are  oleotrolyHud 
into  tho  proper  condition.  It  is  found  tliat  these  colls  i^ivu  a 
rutarn  of  current  85  to  00  per  cent,  and  of  onora'  7&  to  80  poi 
cont.  when  proporiy  worked.  Acoordtiig  to  Mr.  Proeoe  tho 
i-ffioioncy  or  u^ufid  return  depends  very  much  upon  the  rato 
of  disoh&r^  which  should  not  oxoood  a  current  of  4  ampoTM 
jH^r  Txiaitive  plate.  With  larg«lyincToaudratoof  discJtarge,tlio 
'  vtBxMOBj  may  fall  to  fiO  per  cent.,  and  the  battery  wotdd  suffer 
•oriooB  ^uiy. 

111.  mwrfuvircTj  battery,  introduced  byUoaBra.  Shippey  and 
•dupted  by  Ur.  Cromptoo,  consists  of  a  i^id  of  lead  ca&V  wv''^ 
•  UMiui  of  Urge  fTfxUtia  of  salt,  su  as  to  cioalo  &  \ioaft^-c<Au:ft&. 


fclniotiji*,  wliich  may  bo  either  formed  ft*  iii  S  ji  i,  or  durgcd 
with  kviil  oxides.  Mr,  Croinpton  sUteH  tbat  he  can  obUiiii 
without  injiiry  a  current  of  O  or  lo  aiiiiierca  per  squnre  funt : 
hut  the  time  of  discharc^e  acpcnda  nt  largely  iipou  the  gruMi 
quantity  of  aetive  malcrutl  that  a  oot  cosy  to  fairly  comjiuru 
difTereut  makes. 

332.  LithaiioHi;  described  i  }oS,  malccs  ao  excellent  ]>Iato 
in  aeooudary  battoriea,  and  is  more  espocially  adapted  for 
Bmall  portanle  cells,  wh«re  it  is  cIobo  npon  perfection  :  it  would 
be  so  tor  large  cells  also  if  the  coonoctioa  to  it  coilld  be  mado 
of  lower  reHietaaco. 

jij.  Capacity,  or  relation  of  work  to  weight,  depends  u]ion 
constniclioiiatwell  bs  umm  inatctrinU.  Mr,  I'reccoBayB,"!  bavu 
itiid  a  cell  (  Fitzgotnld'K  Jjithanodc)  whioh  guvo  n  return  as  bit;h 
M  5*7  ampcro  lioiim  per  lb.  The  nv^nigo  E,  P.  H.  coll  givc«  a 
cvipacity  nf  4  oinpcir«  Iiourx  jxir  lb,  of  plates  atimnlotc,  while  the 
l'l(Uiti>  type  miwfy  cxcec-il  2  innpuro  hour*  [x^r  lb."  Lithanotle 
it«eirhaM  a  f»pucily  of  almiit  1  ampere  liuur  per  oiiiioc^ 

J14.  7'Ac  rlcrtromotire  forcr.  of  all  fonnii  of  Iciul  culls  is  about 
volts  2  ■  i  iinmodintcly  aflur  charging,  thmigh  it  risps  higher 
than  tliiH  Otiring  tho  full  dmrgium  it  fuUn  in  working,  hiit 
shontd  not  ho  allowed  to  fall  bolow  1-8  m  the  niischievouH 
reaolions  sot  in  then.  Th«  Tolt«ge  of  n  batti-ry  should  be 
regularly  tiv-'tcd.  and  whenurer  found  to  ha  too  low,  cnch  cell 
ftlioiiM  ho  li'Kti'd  t"  discover  whcru  ibo  faulty  one  is.  Under 
fitriiknii  miiiiiigi-'mi'nt  it  laeaay  tii  ha*e  some  of  the  nd  In  ro  versed. 
\2^.  Tin!  inU-nml  rtgulanee  la  cunstanlly  vuryiiig  with  the 
htri?n;^th  of  the  ucid  §{09.  and  also  with  rate  of  ourn-nt  as  it 
docK  in  all  clvotrolytic  notions.  Mr.  Preeco  draws  ftum  IhiK  the 
dcduutiuu  that  ihure  ia  not  the  generally  soiipoH'd  Iomn  duo  to 
tliu  difference  of  K  M  F  in  charging  and  diHclmrgiii}!,  but  that 
"it  is  p<«siblo  lo  get  nearly  all  the  energy  out  of  u  coll  tliat 
has  l)»e«  put  into  it,"  Mr.  I'rocco  is  "one  who  kuows,"  and 
what  ho  (taya  is  usTially  to  be  relied  on  ;  bnt  in  this  casu  I 
think  tho  eatiuiate  of  thi>  E.  P.  H.  Co.  (not  likely  lo  put  it  too 
low)  of  7j  to  60  per  cent,  is  the  safer  to  count  upon. 

526.  (barging. — In  order  to  charge  a  sccoiidary  battery  it  is 
nt'ceaaary  to  eu[i1oy  an  E  M  F  greater  than  its  own,  and  gnsilcr 
in  proportion  to  the  rate  of  charge  desired.  If  20  per  cent,  of 
this  energy  is  lost  slow  charge  is  most  economical,  though  otbcr 
practical  considerations  hare  to  l)o  iakeu  into  account ;  that  Is,  - 
ngaiubt  energy  lost  at  the  rate  of  the  i-qaare  of  the  current  C 
generated,  we  have  to  consider  time,  and  intAivat  on  plant. 
Iliit  in  atldition  to  the  loss  of  energy,  a  small  charging  ciu'rcnt 
£/  tleatrHl'lo  for  two  reosooB,  I,  the  product  i«  in  bet'er  condition. 


liS.]  CK-VnUL  UASAUItUKSr.  Ifi9 

tlia  partJcIfla  in  elooer  conUot  uid  better  oleotrictkl  oonD«cUon: 
3,  thore  is  leu  Ion  br  unoi>nibl»ed  gwca  c«ctj>li]g. 

Volts  2- J  per  ct'll  Id  n-ne*  ia  »  ^;ood  ¥.M  F,  ua  with  it  Ihe 
imrrout  niduceo  a«  the  diAr;^  riwM,  oq  aooounlgf  theinorwisiDg 
vuiititt^r  BHPof  the  baltttry. 

At  Bret  it  WMB  ibonglit  nnftilvinblo  to  giro  cellii  tbcir  full 
rU&rf^:  but  cxperieiiot!  baa  proved  tbiH  to  Ni  wrong.  The 
batltrj/  «AmiM  alteaj/t  he  tlunvuyUif  ehar'jM,  but  nut  Uiuruaghly 
diKbarged.  By  not  fully  obarging  uudeoompuKicI  Hqlpbato  vf 
lead  temaios  tu  exert  uuxtuua  aolioi). 

The  «vi4i.i)<!<i  of  fxill  chnrg«  ia — 

I .  The  K  M  F  riaoM  Bwlclcnily  to  volt*  j  • « . 

3.  Tbo  h^druniuter  Hhowa  tlw  ovi'I  itt  full  ii|>.  gr. 

}.  Tbe  liquid  bcooiDM  milky  and  gwwti  urtj  gireti  off. 

Li^t*  Hhonld  Dot  b«  brought  noar  a  cliarging  batt«ry,  Icat 
Umm  guM  akonld  ouso  fiplo«i«D, 

jjSa.  i/OM  1)/  gattt. — Throiighont  tbo  chargiog  tLerti  is  a 
OOttatant  <«cn|ie  of  gases,  chiefly  oxygcu.  Itnt  tbo  loss  of  (•ilber 
pw  nowii  total  Ices  of  tbo  c<iiiivalont  of  ctwtricity.  If  O  U 
obviondT  warBted,  it  i«  certain  Iho  TI  is  lost  too.  Dal  tbo  caatgio 
of  H  iiMtoalm  at  onoo  either  tbat  the  rate  of  cliargtiig  cnrrviit 
b  too  ^r«at,  or  else  that  tlio  limit  of  tho  economical  charsu  is 
■pproaMMxI.  As  in  all  ras^  of  electrolysis  wo  aro  bmiigut  to 
t&B  qOMtion  of  detuity  of  rummt ;  tho  rata  ut  which  a  nuit  amt 
oTaufitoecanactpniperly:  this  isof  ne«;Ksitya/nuvrfn7(V);>r)fi(y, 
fcaeatiae  it  is  not  more  enrfnco  wo  have  to  consider,  as  in  Ibu 
tarn  of  ihn  nine  of  a  battery,  but  tho  diminisbing  quantity  of 
nUpbato  of  load  upon  that  Ktirfium  remaining  nnci>Drort«d. 
Bm  this  ervoJiltien  of  gas  is  tbo  bo«t  practical  indicntor  of  the 
wvcking  rotiditions. 

JJ7.  I>itfiuiTy«  should  not  bo  allov'oil  to  exceed  tho  proper 
rale,  or  tho  uetiro  iDsterial  wit]  disintegrate  and  be  shelled  olT 
ia  tba  Plants  or  forced  out  in  tbo  grid  forms.  Discharge  should 
not  bo  continued  after  tlie  voltage  falla  to  1  'S  per  cell. 

jaS.  Grttertit  JUatiagemenl. — Rattorii-!!  ahould  Iw  w>  placed  and 
UOMttMl  that  oT-ery  part  is  visible  and  aocemiblo ;  regular  tnts 
•iioaU  bo  taken  of  Iho  condition  <if  each  ooll,  ami  no  tricka 
(banld  bo  filayod,  Mch  as  sitddenly  beating  wire*,  nr  giving  off 
Saahea  of  light.    Sc«  also  i  joS. 

Proper  instrnmenta,  golranometiira,  vottmctcni,  Ac.  nliuuld  l>e 
ptovidc),  and  the  cuiinectiuiui  made  through  a  wull  arrangetl 
■witeh-board.  Automatic  cut-outs,  alarmii,  Ac,  alao  are  very 
naoful.  ThoMi  various  applianocK  will  tm  fouuvl  AcacnXA^  \1\ 
llwir  pro;>«r/J*«i»  bat  tlio  best  pUta  for  any  owj  "wVu  Vvh\x«:*\M 
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aot  up  an  instalUitiou,  Is  to  obtain  catalogues  and  paiuphlets 
from  tbo  mnkers,  in  whiob  moro  conipletc  information  will  bo 
found  ttiau  it  ie  poeaible  to  funiifili  in  a  book  liko  tbis. 

It  ia  bad  economy  not  to  provide  cells  fully  equal  to  tlieir 
work,  and  it  is  important  that  all  colls  to  bo  worked  togetlier 
shall  bo  fuirly  eqaal ;  for,  as  in  a  chain,  tbo  capacity  of  a  coni- 
binftiion  ia  tluit  of  the  woiikest  link :  if  some  ocUs  becomu 
inactivo  in  iliecbsrgc,  they  are  not  moiQly  uselffia,  they  bogiu  to 
tnko  charge  in  the  opposite  direction  and  oppose  their  E  M  B*. 
If  colls  in  multiple  arc  differ  in  E  M  F,  which  will  occur  if  their 
cunditions  differ,  some  of  tliem  will  not  got  charged,  or  if  left 
so  oouDOctod  when  the  soiirco  U  not  acting,  thoy  wHl  be  roTorsod 
and  the  charge  wasted.  ]n  fact  it  i%  bud  policy  to  orrangc  oclU 
in  multiple  rto  at  all. 

\Vhcn  u  battory  in  to  bo  left  out  of  uso  for  a  tiino,  it  i»  Iwttor 
to  fully  ohargo  it,  rather  than  leave  it  discbargod.  OuTTOiit 
nhoiild  bo  passed  at  intervals  to  keep  up  the  cbargo  if  poc»ibl«. 

Since  the  foregoing  was  in  type,  accounts  haro  been  pnblisbod 
of  thir  working  uijou  tramways  in  America  of  a  oooondanr 
Iwtlery  devised  by  Meitsrs.  Woddel,  Enty,  Footoiind Phillips,  ft 
consists  of  A  pliito  built  up  of  copper  wii¥,  which  sorvcs  as 
conductor  to  »  mass  of  oomprcsSL'a  porous  copper,  which  ia 
oxidized  by  the  charging.  The  other  pi ato  receives  a  denoeit 
of  xinc  from  a  wlntion  of  Einealo  of  potaxh.  It  is  said  to  liold 
charge  perfectly,  give  an  V,  M  F  of  volt  0*8,  to  give  a  rotuni 
of  80  per  oonL  enoi^  and  no  Ions  of  cnrront,  una  to  endure  a 
he«%'y  Tate  of  dinchargo.  No  giu"  in  given  off",  cither  during 
cliarge  or  disoharffe.  Tbc  intorniil  io»iHliiiicv  of  a  cell  of  3  X  7 
inobei  nquarc  and  1 1  high,  containing  right  ]uiin(  of  plntcN,  im 
•001,  Wid  it»  Mtoragc  800  ampere  bourx,  with  a  gro»o  weight 
of  5J  or  60  jwunds  jwr  borsc-powcr  generuttd. 
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ufUomtiEiiiurr. 

J]?.  TltP  j^reat  distiuctton  IxitwoenmodeniandaiKTiciit  motlL-H 
of  ill  ventilation  ia  tbat  tiiuleru  acdenoo  ia  batted  h|)od  iixitct, 
miiiiito  lucusnretDent.  sotli«tuaUMsand«frcct8U«  tmlf  balimc«(l 
•ud  ikctioDH  traced  frotn  point  to  ]io!nt;  then  when  diff«i«iit 
liranofaeB  of  plienom«ii«  have  been  traced  to  their  oounectioii, 
an  oxiiUtutticin,  it  llteorif  can  be  arrived  at :  the  aoienoe  "  fiilsely 
uM'gdUd  "  of  tho  ancients  was  vs^tie,  tlie  theory  or  oout.'eption 
was  Sret  sot  n[i  a  priori  from  a  general  view  of  itljeuoni«iia,  and 
then  lh«  facts  wcro  fitted  to  it  as  well  as  they  coald. 

Bnt  just  ua  old  faahtoua  in  drasti  arc  r«vived  in  t!m«,  and  in 
mental  affairs  (Lore  ia  at  times  &  reverniou  tu  mediiL-vul  ideut,  so 
there  is  at  preaeut  a  tendency  amoti;;  aouo  of  our  liiKUvst  aci«n- 
liflo  men  to  revoree  the  course  ofBcieDoe,  to  abandon  the  Baciinian 
indnctive  system,  and  return  to  the  old  n  priori  plan  of  deviiiing 
typiithiscs  and  IrealinK  them  as  truths.  This  is  partJniliti'ly 
liiuii(e«t  in  the  prevalent  fashion  of  attributin);  electncul 
acUooetotho  cfAer,  rather  than  of  searching  out  tho  joal  aotiutia 

J  }0.  Cleric  Maxwell  gave  the  start  to  this  niischievoua  Ctshion  ; 
Ilia  discitiW,  3Jr.  OliTor  II««vi»ido,  has  gone  so  for  as  to  aay 
(' £lc«tndan,'  xxri.  p.  6}}),  "Tho  more  abstract  a  Ihoorj- is,  the 
more  likely  it  is  to  bo  tni«.  No  ono  knows  what  matter  is,  any 
U>r«  than  ether,  but  we  do  know  that  tho  proportiesof  maltei'  are 
rMnarkably  cotnplei.  It  is  tli«refor«  a  real  advantage  to  got 
away  ^m  matter  when  possible,  and  think  of  something  far 
Borv  simple  and  iiniforra  in  its  properiic*.  %'e  ihould  ralher 
Ktplaia  matter  in  Imu  of  ether,  thoH  yo  the  ot)Kr  tmy  to  uork." 
Tbn  itJtlivH  are  my  own.  Tho  ductrino  ia  monstruas  and  opposed 
to  all  truti  aoivDou;  for  sdoDoo  is  organisod  hundtdg^,  a  stiuuly 
progTco  from  tho  known  to  tho  tinknown.  This  is  toaohing  that 
wp  sbootd  start  not  morcly  from  the  unknown,  liiit  from  the 
Kuknowiiblv ;  for  not  onlydo  woknownothingat  all  aliontolhor 
«x<.'«ut  that  something  transiitiis  light  acTues  Bf^«,  WV  it  Sa 
hUoioteJjr  bajotid  rwich  of  oxporiuieat,   tlio  on\j    vub»u'b  o\ 
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knowledge.    A11  that  is  saiil  about  other  and  its  proporticH  is 
uiorD  gnraa-work. 

}}l.  It  is  a  moro  inistiao  of  worcU  to  tay  that  ivo  know  no 
tnoroof  matter  Ihoiiof  ulber  :  as  I  anidin  tlio  '  Kleotriciaii,'  xivi. 
p.  673,  in  rt-ply,"We<lokiiow  what  wo  moan  liy  niRttor;  no  one 
knows  wtint  thoy  mean  by  ether,"  It  is  pure  cant  to  say  I  hat 
wo  liavo  no  right  to  object  to  uotionn  aboat  tbo  other  1>eoaiiBo 
wo  do  not  know  what  matter  is.  We  do  n'lt  know,  and  never 
shall  know,  what  any  thinK  is,  nor  does  it  concern  us.  ■■  We  know 
11  grciit  <knl  abont  the  iiropcrties  of  the  thing  wo  mmn  by  tJio 
woril  ninftor,  nnd  we  cun  exaitiine  and  test  those  properties. 
Nothing  iif  this  is  to  ho  wild  of  the  elhor.  Tho  word  mnttor 
cminot'!*  w  mass  of  naliiml  obviomt  rccorils  of  our  cognition. 
Thi-  wiml  ether  coimotc-s  nothing  but  our  dlHicultiesof  dttining 
some  of  thoHo  fiict-*."  In  other  wonls.  matter  and  its  pmiwrtios 
are  tho  crt«t!iin  ofljoil ;  other  and  its  propcrtiwi  nro  thi-  nioro 
iinafcimneHof  ini.:n  to  hidn  ihcir  igoomncc.  and  they  atw  Iwing 
('iiiitinually  altorivl  to  suit  any  one's  roquiiomentn.  Prone  aU 
Ihiti'jx.  Uolii  fast  that  which  is  true,  is  g-Mxl  ndviw. 

jji.  £lmitn<!ul  mouurcmunlH  relate  ti>  the-  threo  diviRidim. 
elii-tromolivo  force,  resistanco,  and  current,  and  ihi:  gem-rnl 
tiii^jiry  will  ho  explained  further  on,  but  it  is  l>ctt<!r  to  eommonco 
with  tho  tni'tn  tlie  thcurr  is  based  upon,  and  tho  insliiimontu  in 
ui><'.  follnwing.  in  fact,  iJie  process  by  whieh  tho  cxintingHyntom 
ban  K'on  dovisloprd,  andccimmcncing  witli  thouctiial  idM^nonicna 
ofeiirrcnt.  II.  nhonld  he  undvi'KtniHl  thnt  tho  inullitndu  of  in- 
Htniin«nt(i  which  havo  Wm  dnvisnl  ure  not  di'sorilwd :  it  wnnl  1 
nt-ed  n  volume.  Only  tiuxto  ni'aii'itnry  forHliidentHnndaiiiatviira 
willlie  mentioned,  mid  niont  atti^ntion  will  Iw  given  to  thoso 
which,  witli  ordinary  skill,  lh<:y  <-an  mako  for  tlnJiuBulve*. 

j)i.  MKAsuROiKsr  OP  CuKiiE.VT.-'i'hiH  may  ho  offect-d  by 
throo  actions  of  tha  oleotric  oummt.  j  164 — iho  mayuelif,  tho 
rftumiVu/,  and  tho  heating  »SSecUt,  cinMuu«d  by  itisti utiiL-nla  called 
Oalc^ttumeiert,  Voltamtim,  und  Cahirimtlcrt,  ]Cach  has  its  use. 
Tho  galvanometer  interferes  little  with  the  passage  or  work  of 
tho  current,  and  indioat>?s,  by  the  motion  of  a  maguetie  neodlo, 
the  actual  current  passing  at  each  instant,  and  tlierefoFe  any 
variations  occurring:  the  voltameter  meaeurm  tho  total  ijiinn- 
tity  of  electriei'y  whicli  lias  naamd  in  a  gi%-eii  period;  and  tho 
calorimoier  lostitic*  tu  tlte  rotations  of  onorgy  to  tho  oloctrical 
work  done. 

114.  G^LVAKOXKntiM. — Wb«n  a  mngnotio noodle  and  actirrcnt 
are  parallel  with  each  other,  thoy  tend  to  place  tbomsclvo^  at 
r'ght  nnjjh's  to  each  other  j  Ibu  action  is  reciprocal,  either  tho 
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EnLi(;iiet  or  cooduclor  will  move,  imt  tli«  luotioo  of  tlie  tiotnllK  in 
tiie  iu<«t  cooveiiiout  for  use :  if  oar  a  inagDctlo  iicc<llu  mt  rcHt, 
ukI  it)  ihe  o&me  diroction,  wo  jilow  u  wlro,  and  JW&I  k  omreat 
ual«iiug  at  ttio  boutborn  end,  Uiv  acedlu  turna  wiUi  tho  N.  vimI 
Id  the  left,  or  wGeterl;  :  if  the  wira  1w  htlcm,  tlio  iieLilIc  Iutiih  to 
tbe  rigLt.  If  the  dii^otion  of  the  curieot  is  ruvcraed.  that  in,  if 
it  eiit«re  at  the  N.  end.  the  notioua  ar«  Tov«r»ed.  If  the  wiro 
uakoa  a  turn  round  the  leni^h  of  tlio  ueedle.  all  these  conditioiui 
«gm«  into  play  at  onoo,  for  t&eOQn«Dtcut«riuf;  at  B.  andpotsing 
oftpM  tho  needle,  when  the  wira  turns  to  the  lower  side,  the 
cofTeBt  MSSM  ftom  the  N.,  hence  both  actioDs  are  tbo  Mine  and 
the  beedU  is  deSectod  to  tlie  K'ft  with  doulile  force;  each  ttini 
baa  m  similar  action,  vkrjiog,  however,  in  uniounC,  with  iu 
difl(»noe  frani  and  poeitiou  as  regards  tho  noedle,  on  priuci|)l(.-8 
MpUtiuol  hereafter. 

)};,  (lALVAKOMirrEK  Nltoles. — These  are  froqnontly  made  loo 
bmv^-;  tlio  hciivier  th«y  ikre  tho  grmtor  i«  tlieir  "  inuiixnt  of 
iQ'-rtia,"  und  tho  forco  rtquirod  to  movo  tltoin,  mid  tho  Itxigtrr 
thi>y  aro  iu  uoioing  to  r>-sl.  Tho  boxt  material  is  a  watch  ur 
t^k  ai'rinK  sofienod,  in  onlor  Ut  oliajio  and  arraneo  it,  then 
haidmrd  l<y  htatiti);  to  a  low  rod  heat  and  plunging  in  water. 

Ltmg  DctnlluB  liave  most  diroctiro  forco  and  give  more  decided 
iaJieatioiie,  but  take  longer  in  coming  to  rwt :  Hmy  are  there- 
fnr»  best  mUptwl  to  vorlii  al  gnlvanometem.  Short  needles  are 
loM  afict;toil  hyoxtornal  inagnoticdiKturWnces  nod  oomo  quicker 
to  ntit ;  tlMnrdofioctionHnroalsomorveitual  in  valaeat  diSorent 
f«rit>  of  tho  scalo.  'rboroforo  long-  and  Iicavy  nv«dlc«  nro 
nitaldo  fuT  "  bBllistio"  galvanunivt^n,  or  to  giw  tlio  arentgo 
•f  A  npidly  ohnngins  current ;  but  abort  light  ones  uro  Itoltor 
to  obtfttn  "dead  boat'  and  scnaitivc  iudiostiotiH. 

]]&  Xatfiuthhiy  may  bo  cfli-ctod  as  deaoribed  $j  143-}.  Tbo 
hast  plan  is  to  muko  a  coil  to  ouit  the  nMdlea,  but  in  two 
parts,  which  can  1h-  «lip])6d  over  each  end  :  thin  onablca  neodlc* 
when  luountod,  or  in  jjaii*,  to  bo  nia^oliMid.  If  the  coils  aro 
oiado  of  K».  10  or  22  wire,  a  nin^^le  bichiumitto  cell  will  do  tho 
work  effectively.  Tim  coils  should  he  marked  to  sliow  wliich 
i-nd  givi^x  K.  jKilinity  when  ounuected  to  +  of  tho  battery: 
lulatic  [Kiirs  aro  ioitcited  separately  iu  opjmaito  directions. 

JJ7.  :iufpaiti(m.-- YoT  delirato  iuatruiuents,  tho  only  satis- 
factory KUNiiensiiin  is  by  a  silk  fibre,  or  audi  a  thrnid  of  silk  as 
may  be  drawn  fnnu  a  ribbon,  or  pioeo  of  covciol  wire.  The 
fibre  should  \»  atlaobed  at  its  npper  oud  to  a  sliding  rod  (in 
good  inalrunienta  a  cuuipuund  scruw  is  usod)  which  lifts  with- 

t  twisting  the  fibtv.    For  ordinary  instruments,  with  u  single 
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iici:dl<',  an  agate  oentre  fixed  nbovo  the  ■i«C4ll«  m  ii*od.  Doiil>l« 
ncudltM  lunv  be  suBpeiid«<l  in  »  similar  uiunner ;  tiw  *g»to  oentm 
U  &nt  Gxc^  in  a  tuin  bnias  tube  by  turning  llio  udgm  lightly 
over  it,  tbu  H))pcr  needle  U  then  nttaelivcl  to  it ;  if  doubw,  by 
iiliK'ing  ont!  iiurt  on  eaoh  side ;  if  sioj^le,  either  by  m  hoto  vpcnoa 
111  tlif  miiMlu  or  by  doubling  over  ibo  top  anil  bringing  down 
un  <>iil4i  iiitlii  ao  as  to  grip  the  tiilie  Srinly,  ftud  thun  toniJiine 
liKblly  with  fiiflUor,  or  an  iudicaU>r  ni«y  be  ainiilarly  fixiHl. 
The  lower  needlp  may  Iw  made  of  two  pieoea  of  wat<ih-tipring. 
onu  fixed  eu  each  eido  of  a  very  thin  lignt  tube,  the  cndn  cf  the 
needles  diawn  logothcr  and  soldered  or  riveted.  The  tnI>o 
shtiuld  lie  under  ^  inch  in  boro  and  fit  firmly  on  tlie  tuho 
carrying  the  agate,  and  when  the  twi>  needles  are  exitutly 
adJuHUid  a  toncn  of  eolder  will  fix  the  tubes  together.  1o 
udjuNt  the  necdle«,  a  gnapension  point  is  placed  upon  a  movable 
Imord  haring  a  line  marked  npon  it ;  one  needle  being  mag- 
netised, tlie  line  on  tho  board  can  ho  placed  troe  N.  or  S.,  and 
the  plht^r  nucdte  or  indicator  being  added,  the  tnbee  are  luOTod 
Hligiilly  till  the  unitod  Kystem  i»  oorroot. 

uS,  The  firiuyt  of  tit  needU  oi;rro«pond  to  those  of  a  ]^icn- 
diilurn,  and  for  tho  same  noodlo  always  occur  in  the  same  Uinv, 
wliotlier  (be  awing  bo  acrosa  tho  whole  arc  or  over  only  •  dogrw 
or  two  :  tbia  givta  a  means  of  adjusting  astatic  needles  to  the 
dinited  doliciicy,  and  also  of  controlling  l!ie  mi>vem<-nt«  of 
iiecilloa.  It  is  oaHy  to  cnako  and  breok  circuit  wilh  a  commu- 
l:ili-r  or  key,  eo  lu  to  load  tho  ncedlo  slowly  up  to  the  prei>or 
di-llcction  with  acarcely  a  return  Hwing.  or  to  mc-eC  the  swinga 
nod  bring  it  to  a  dvad  Ht»p,  vrbich  t&vw  much  time  in  observa- 
tions; hut  tho  number  of  vibrations  of  &  needle  may  be 
diminished  or  arretted  by  rfamjimij  in  various  ways. 

(i)  A  plate  of  copper  clime  to  tlio  ncodlc,  either  as  the  dial 
plate  or  as  the  internal  frame  of  the  coilo,  chocks  the  swings  by 
the  induced  electric  currcotu  wt  up  in  the  copper. 

(a)  A  vane  of  paper  or  miea  may  be  attacboJ  either  to  the 
needle  or  indicator. 

())  A  similar  vane  may  ho  atbichud  to  tho  bottom  of  the  wire 
wljicli  connects  tho  needle  to  its  fibre,  to  work  in  a  chamber 
under  tho  ci>il«;  sometiraoB  this  chamlior  contains  mercury  or 
aomo  liquid,  hucIi  as  glycerine  and  water,  the  elTcct  of  which  is 
to  cause  tliu  needle  to  move  slowly  up  to  its  point  of  rest 
without  swinging ;  or  tho  ehamber  within  the  coils  may  be  bo 
used. 

J jfj.  ywdlet  thoalii  he  /ormitl  with  |>uints  tapering  to  near  the 
uiiildlc :  tho  ends  should  not  \k  siiuuro,  because  ttie  current  acts 
on  tho  magnetism,  and  tunds  to  pull  the  poles  over  to  the 


AKTATIC  XKCt>U!8. 


oofBAfi  H  mIiowu  Fig.  }6,  uud  to  tliaturb  the  roUlion  lxttwe«n 

thtwvdio  and  tfa«  iudicator  (aee  $  150).     Wlton  furmed  of  tbin 

fklM  on  odgo  this  cftnuot  occur,  nnd  tfa«  alta|)e  is  of  no  00a- 

Mfouice.    In  aoau)  lan^it  ndYmnomvtvni  compound  oiroalar 

BMdlw  *n  mted,  conusttng  oT  a 

dfeafmica  on  w-bioh  parallel  Fic  38. 

•trifa  of  Htevl,  Kuch  as  pieces  of 

f^ag  ueodU-H  ur  watfib-aprintja 

an  ceincnttsi.  Ion;;  in  the  inid- 

dlo  and  oborter  at  the  ndea :  it 

»  ooo8i<!i:rcil  tliat  tbem  aiiffer  _ 

Urn  diaplacemcut  in  the  mag- 

wtio  field  of  the  current  tlian  straiKht  nradlna  ilo. 

}43.  Indiattort  may  t>o  made  of  h  thin,  hanl^dntwn  wire, 
■Inminiuui  alloyo'l  with  a  little  ailrcr  being  butit.  or  of  a  thrvod 
of  bUok  Klaas,  n-hich  may  be  drawn  out  over  a  Itunwn's  burner 
er  spirit  lamit,  bv  h^ittin;;  a  enmll  rod  or  tube  (audi  a«  a  bugle) 
Id  fiiBton,  aud  drawing  tho  two  on<l8  ra|Mdly  but  atcadilf  awaj. 
An  indicator  without  wui^bt,  nse-l  in  the  reflocliog  gnlvano- 
DicI<?Ta  ia  drii'Tribwl  S  )68. 

14 1.  Astatic  Nkkm.i»  are  a  pair  fixed  on  a  wire  or  a  Inlx* 
with  tli«ir  {NiW  in  o|>|viflite  diT««tuina,  «o  ns  to  neulntlixft  ead> 
other:  if  tvurfectlj'  adjuaied  tboy  woidd  have  no  particular 
poaidou  of  rest  It  ia  often  elated  in  tcxt-bixik.-i  Uiat  snob 
iiM>dtca  place  themselves  E.  and  W.,  and  an  ulabomtv  mathe- 
nalloal  exiilanation  is  given.  Fig.  J^  ex|dimis  tho  cause 
idinply.  N  S  ure  two  op- 
pa«It«]j  arranged  needles, 
not  maclty  in  the  same 
Ter'.ica)  plane  (this  being 
exaggerated  in  tJie  llguie) : 
tbe  naait  is  to  form  two 
Tirtital  magnets  or  fi<.ddfl 
at  the  opposite  ends,  both 
baring  tlie  samo  dirsotioa, 
sa  fahown  by  tho  arrovra; 
tbe*n  place  tliontsoIvM  in 
the  usual  N.  S.  pMiticn,  and  um  a  oonsequcuc^,  tbe  Tisiblo 
■ystvin,  which  in  a  neutral  one,  plaoos  itaelr  £.  and  W.  'I'hia 
uocura  onlj  when  the  noodles  are  exactly  equal.  In  practicu  it 
ia  nraeawiT  to  inako  om*  of  tbe  neodlw  aa  much  more  powerful 
than  ^«  oUur  aa  to  Iniiig  tho  ajntem  to  rest  apon  the  lero  lino : 
tba  upper  nvodio  if  uiiivlo  longer  docs  this  by  its  greater 
"  fnoment." 
Tbe  uingnttcmi  of  aatatto  [uilrs  is  eiuily  distnrbod;  any 
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cuiTent  pawing  will  <lo  it,  if  nudJcn  or  over  etrong :  tlie  inner 
tiecdle  U  most  iiffected  in  thiH  wuy.  lit  consequence  of  ibis, 
uiitatia  needles  iudioatc,  but  du  not  meaaiirc,  beratuso  difT^rent 
readings  msy  be  giren  wilb  the  name  current,  even  in  »  few 
niiuutea.  'J'hi«  upptiiB  wore  cepeoially  to  vertioal  s^'atcms  con- 
tinued Ly  gravity,  or  t<|iriugL 

J41.  Ma^ttitm  0/  ncedh*. — Tlia  8tr«ng(Ii  of  tlie  mn^etiHni 
hofl  no  ffTect  npon  tbe  defluction;  two  similar  ueedlcs  will  be 
fttiko  duflochxl,  tliougb  ono  lio  strong  and  tbe  other  weak.  The 
rposon  is  that  tb»  noodle  i»  alTucl-id  W  two  forcos,  tho  effort  of 
tho  current  and  the  eartb'n  tuajfuctio  field,  and  tbete  are  equally 
rL-Hi-tvd  on  by  the  ueedlu.  Tbia  applice  only  to  single  liori- 
xontal  nocdlcig.  A  coiujKinnd  pair  will  deflect  differr'ntly  when 
KtnMigly  and  weakly  magiieliwd.  A  needle  rerticallr  *ua- 
[K^tidvd  will  alaodoflect  further  if  stiong  than  if  weak.  NifdlcH 
of  dilfercnt  length  will  be  iliSerently  deflected  hy  the  laine 
iiiNtnimcnt  and  current. 

;4}.  Jtrmlanf  lo  motion. — Tbe  actual  measiiriug  power  is 
diiu  to  tlie  lesixtAnce  offered  to  the  action  uf  the  cttrrcnt.  In 
tho  i>rdinar^'  single-needle  inslnimenis,  this  rosistanco  ix  caiiMid 
liy  tho  oarth*6  magnetism  :  tho  rtsult  is  dne  to  tho  rolativo 
nlrvnj^tli  of  the  two  magnetio  fieldtt,  eartli  and  eunvnt,  acting 
nt  right  angles  to  each  other ;  in  Ibis  furm,  therefore,  tho  wimc 
num-nt  will  prvidnc«  dilterent  deflections  at  difP'rcnt  pivrtu  of 
tbe  »anh;  ofconnte,  also,  tho  noighbourhoml  «f  niajjoeta  or 
uurrL-nt.->.  or  «f  mnsiu:i!i  of  iron,  «'ill  disturb  tho  nc^tiim  :  in  Honio 
uasua  thin  i»  remedied  by  using  pt-nnanent  ningnt'tn  lo  control 
the  ncedlu,  in  place  of  tlto  eaitli'if  magnetism,  of  iinch  power  tui 
to  render  other  agonniea  uf  small  effect.  In  olber  forms  a 
meobanioal  rcaintanoc  is  employed,  such  as  the  toniion  of  a  wire 
or  fibre,  or  u  bitilar  xnitpcnsiuu.  In  vertical  galvanometers  the 
resistance  is  tho  extra  weight  of  iho  lower  partM  of  the  system. 

J44.  Stash  ton  Gai.vanomktkiu*. — There  is  ort<?n  simie  trouble 
in  itrraugiiig  iuatnimeut*  so  that  tho  needle  standii  directly 
upon  tlio  N.  t:^.  or  xero  line,  and  nian^  galvanometers  tura  ou 
an  ttxia  for  this  puqxisf.  A  revolving  stand  is,  however,  a 
great  couveni<in<!u  for  a  %T»riety  of  pnrpom.-*.  Tho  base  slionld 
bo  of  seasDncd  wood,  fitud  with  three  tevelliug  screws,  and 
a  vertioal  aiis  rising  from  its  centra.  Upon  this  revolves  a 
BQiallor  diKC,  with  set  screws  or  springit  at  oi>]>osite  cods  of 
one  dtametttr.  to  hold  it  Hteady  when  adjtuilod.  lly  marking 
the  edge  of  one  of  the  disoa  in  dugi-<«s  of  u  circle,  and  attaching 
a  |ioiiiter  or  vernier  to  the  other,  this  stand  converts  any  form 
t>fjfith'tia(au<iU:t  into  a  sine  galvunemolvr. 
S^ff.  CifSKHAL   JViKarLSS.— VThoQ  »  mk^et  is  euspeodod 
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sUu|ily  in  the  magiwitio  field  of  the  eartb,  it  ataniln  niagnetio 
Iiorth  ituil  S'liitb,  wluoh  ia  ooUed  the  mm  liiicu 

WLoD  tiie  iDAgiiedo  field  of  the  earth  u  noutniltrad  1^  other 
tungneiio  agaota.  Of,  sa  in  perfectly  eatatio  needle*,  tho  magnet 
boa  no  directive  inflnenoe,  it  then,  under  thn  tnfluenov  of  any 
elec^o  oorreDt.  places  it«elf  in  the,  line  of  the  fiolil  duo  bo 
thia  cttrrent ;  thai  is,  if  the  wire  bo  placed  iu  the  mognetio 
saro  line,  the  needle  plaoea  itself  at  right  angles,  or  at  90''  of 
deflcclioD. 

When  an  ordinary  single  n«edle  ia  placed  at  the  centre  of  a 
current  moviog  in  the  [ilano  of  tlie  magnetic  meridtun,  tiiia 
noodle  ie  defleoted  to  a  c«rtain  degree  dependent  ujkki  the 
atnmgth  of  the  onrrenU  In  this  position  it  ia  inflwsuoud  by 
ln>  tiquat  a»d  (ffotiu  /or<f»,  the  valuation  of  either  one  of 
which  ralnoa  the  othor.  Of  th«80  two  forces  one  is  known— 
tlM  action  of  tho  Lwrth's  nmgnotio  field  upon  the  ueodio,  and, 
if  wo  oxprena  this  force  in  sotiio  diifinila  system,  wc  hare  tUu 
naamre  of  the  ealranio  cnrront,  which,  in  the  given  oiroum* 
ataocaa,  exactly  balances  it. 

Tho  eSect  of  tho  numlxT  ^f  tornti  of  n-ire  and  their  position 
ia  shown  iiyi-  This  ia  uxplitinod  in  tvxt-books  bya  vast  array 
of  fiM-raoIfe;  but  nurortnnatcly,  ss  with  many  other  hiuhly 
wrought  niathomai  ical  fum)nUi\  thoy  too  often  lend  to  hide 
away  out  of  sight  the  real  principle.  Tho  stndcnt  should 
cJtarly  rvnlixe  that  all  the  thi-oricii  iind  Uwn  8i>l  forth  as  to  iho 
induoooo  of  di«ta»OD  of  the  wirv  from  th>^  nevilio  nsolvL-  tlicm- 
•elvuM  into  this  one  point,  the  dewlupmoiit  of  the  ins(;uetia 
fivld  due  to  tho  cnrrvnlH  in  the  wires. 

Tlio  influvncofl  of  tho  two  forces  are,  avoording  to  known 
lawis  proportional  to  the  sinra  of  tlicir  relative  angles,  that,  ih  to 
say,  o»iuidoriii2  tho  one  angle  of  dullcction  alunr,  tho  pnll  of 
tli«  oarth'a  fn-ld  nym  the  noctdlv  is  proportional  to  tho  sino  of 
the  angle  of  dulK-ctiun,  whilu  Uie  |)ull  ui  the  current  is  equal  to 
the  cosine  of  the  twme  angle,  and  tlie  relations  of  tliune  iIiRoront 
tr^noiuetrical  nivasuns  are  ddined  by  tlio  tangent  uf  tlie 
angle. 

)46.  Fig.  40  will  assiiit  madvnt  unbiniliar  witli  Irigonotnotry 
t>r  conipniiwnd  ternut  often  met  with,  Tho  veiiicnl  line  ia  the 
nerpondiciilar  of  a  right-anglwl  triangle,  of  which  tliv  Ixuw  is 
UM  VpjMTr  lidrixiintul  line  of  lan^mU;  tlio  other  two  angles  aie 
fonnea  hy  the  kypoihmvte.  which  ia  tho  Hne  from  the  centre 
paHing  through  tlie  aic  of  the  circle  at  the  degree  which  defines 
lie  an^,  to  which  all  the  measures  and  tenna  relate.  Extended 
OS  shown  in  dotted  lini'M  to  the  tangent  line,  the  hy^ralhunaw  q^ 
the  righl-iin^W  triaaglo  farmed   is  called  the  ucant.    "^^ift 


dimonsions  of  tlip  angle  relate  ooly  to  tho  opeuiDg  of  tbo  two 
linos,  that  in  to  My,  to  the  ara  of  acirolo  which  Ibey  inclose,  bat 
may  bo  miMwurod  l>y  any  other  of  the  essential  lines,  providod  a 
unit  or  known  IcnKtli  ik  tulit.-n  for  oiie  of  thoeo  linos,  which  then 
eoTcniB  tho  riko  of  tho  rij^ht-angled  triaogio  formoii  Tho  unit 
la  calloil  tbo  radius,  an  from  that  the  oirolQ  i»  struck :  radiita 
then  is  1 ;  in  tho  ftcnru  vna  inch.  Tho  radial  dotted  linos 
iocloso  aroaa  of  lo'^oaoh  from  tho  {lerpendtoular  radius, and  linos 
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drawD  from  tho  end  of  the  radiux  to  whoio  tlw  lines  cut  tho 
cirolo  are  the  ohords  of  tlic  arc  The  hurixontal  line  U  that  of 
lan'jrnU,  ilofitied  for  each  auglo  by  ihc  [irolongntioii  of  (ho 
wcondarv  ladiua  inolosiDg  it,  the  hypotlR'iiuHo  or  tccanl  <if  the 
angli';  Oiu  unit  tangent,  tliat  etiuul  to  Ihu  radiuM,  or  i,  in  tho 
tungttnlof  4$"  (shown  hya  line  from  i  on  thu  ticato,  to  tho  arc), 
'i'liu  stM  of  an  anglo  ia  a  tinu  drawn  fruu  the  intenwotJOQ  of 
tha  BQoaot  to  the  radius,  parallel  with  thu  tangent  lino ;  i\n  nnit 
lonKth,  eqaal  to  radius,  i,  ia  the  sine  of  ^o°,  and  tho  lower  lino 
in  divided  to  correspond  with  the  aclual  »!uea.  not  Hhowu  thom- 
dolvvR,  bnt  defined  by  Iho  vertical  doited  lines,  which  aro  tho 
ftmnf»,  or  sines  of  tho  co[u])lcniGntary  anf;1e.  The  adrantage  of 
tho  tan;;i.-nt  ^calo  is  that  it  is  one  of  eiputl  parln.  Soales  of 
nulural,  i.  c  proportional  sines  and  tangenta  aro  to  be  found  in 
nioHt  eiiginooring  pocket- t>oo)cs;  and  logarithmic  values,  which  are 
ui-ceaeary  for  ninny  calculatiuna,  are  ftunished  with  the  oummaa 
lognritliniic  tables. 

J47.  Values  ok  DoxEcrio'^g.— Degrees  or  tnngontsof  degroos 
aro  merely  proportions,  agft  wo  need  a  unit  value  to  give  them 
meaning.  As  tho  mooj^uroiaoQt  of  the  dofleotive  power  of  tho 
current  ia  obtained  in  tcrmt  of  raristanoo  exerted  by  llie  earth's 
maguelic  field,  this  luttor  niuHt  be  exprewod  ia  «  definite  Talue, 
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unit,  io  otAi^t  U>  o1>tum  the  vaJou  of  thu  cunvnt.  Tito  t*rtii 
ig  a  tuBgiK-t,  it*  linM  of  foros  (HiuvcrKing  towanU  tlie 
^IMlic  poles,  thif  iotenNity  of  lU  magBftliiiia  in  zroth^t  at 
Ihatv  pole*  ;  bat  ihiK  roagneliam  liaa  two  ftotionK,  pnidticitig  the 
liip  or  v«rtio«l  dni'tittioD,  and  tli«  hoHxotitul  ilirection,  p.  9j. 
Ttiiji  lattC'r  ix  uaod  in  comptUMM  and  i^tvnnomotcra,  nnd  movcM 
ihn  iif«ill«  in  K  horiinatnl  plitnis  drawiuj;  it  to  tho  ouignctic  N. 
Ani  &,  at  WTO  UiM),  ukI  would  draw  a  bingU  pol«  (worv  such  « 
tfcing  poariblo^  along  thnt  lino.  It  ia  usudlj-  written  H  in 
foranvlMt,  Mid  u  iitron((«t  at  tJie  luagnetlo  etinator.  wlivro  tlto 
Bitanl  THiMJtion  of  lh«  needlf,  or  the  resultant  of  tin-  earth's 
tone,  ia  hnnnontal,  wcaVuning  &h  the  polti  b  a|ipTviiu!)irvl  wh«ro 
the  iwiizontjil  aotion  ia  aljaorlxHl  iu  the  vorlicil.  The  horizontal 
EbtvcMty  Sa  proportional  to  the  B(|tiaro  of  the  rates  of  uecillation 
Ihc  niwdte  at  any  place;  but  for  full  tDfonuatioa  on  tliiM 
bJMt,  works  treating  of  ma^etiam  can  be  coiiautteil.  What 
Mir'.iiary  to  observe  here  is  that  any  ^Ivanometci-  whoso 
flMrfant,  or  current,  value  ia  ineasnre-l  at  one  plaov,  wilt  retiutre 
a  corrMtion,  when  u»ed  at  other  places,  propurlional  to  the 
rrlaiivt!  horiitotilal  intensities  of  the  two  places. 

348.  Boriumlal  luhKnlf. — ^Thia  is  subject  to  cbangea  ^1>m»<Ic« 
thn  irrvgnlar  ouea  oooairing  during  luajtnolia  Htornui),  liut  tlte 
Ino  iiHUolly  em[do}'ed  ia  tliat  nwoBurod  in  i&5^ ;  oxpiMgcil  in 
mi-tio-gramine  abeulntu  units  that  value  is  1*764:  in  the 
'grain  K>'st«m  its  value  ia  }-Si6.  These  arc  tho  valut'a 
bolixed  by  "■  *°*^  ^^^T  nieftn  that  a  free  unit  polv  would, 
er  tha  iiarth's  ma^etEo  inRuetico,  acquire  tli'we  volodtioa  in 
000  Beoond  of  time.  T)ie  mcaiiurcDieut  of  tliis  value  Mn  btt 
oAMod  by  nieans  of  a  tangent  galvanoueter  and  a  battoty  of 
11MA  the  E  U  F  b  known,  by  the  formula 


• 


Viat 


H  = 


K3 


B  .  r  toug  6 


whrro  ir  ia  the  circumfcioiwo,  r  tlie  radius,  n  the  number  of 
turns.  K  the  resistanoo,  and  6  lh«  an^le.    See  also  S  14S. 

}4'>.  Zrro  Line, — Tho  iwro  N.  and  S.  lino  is  itself  not  fix<id,  ko 
tlMt  to  make  oorteot  moosuiviuimtit  the  galvanometer  nvcds  to 
bo  pliu.<<d  in  the  ofitual  xcro  liiiv  at  the  time  of  observation. 
lliora  isaaiuaUaiinuai  variation  of  tho  meanponitiou  ilu|H>ndi-nt 
o«i  thn  sosaon,  and  a  larger  daily  one,  both,  therefore,  due  to 
tho  lihanging  position  of  tho  sun  in  relation  to  the  place  of 
olwervstion,  ana  probably  cansod  by  thonno-eleotjio  currents  sot 
op  by  the  motion  of  tho  earth  under  the  sun.    Aooonling  to 
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ottmn.'fttionA  luailu  in  ParU  hy  CsfiBini,  the  amplitude  of  tkeM 
diuni^  iRotlouK  iit  t}  to  15  mmut«B  of  arc,  from  April  to 
Sc)>U-iiiber,  a»d  from  S  to  10  from  October  to  Mardi.  buriui; 
the  ui|;lit  the  uoedle  is  nearly  at  rest ;  at  sunrise  the  north  polo 
luoToa  wMt«rly  to  a  maximum  between  noon  and  j  p.m..  wberi 
it  rvtnniH  to  Uia  cant,  la  both  cases,  as  though  the  south  |iolo 
were  attiaoted  towards  the  sun :  theeo  vari»tiouH  incieuao  as  tlie 
inai^netic  latitude  tnoToaaeR.  The  aeedle  oooupiee  the  lucan  xero 
position  about  lo  a.m.  and  7  pjtu 

jjo.  The  TASfiKHT  Galvasojutke.— It  U  beat  to  commen(?n 
the  study  of  f;al\'utiouelera  with  an  iustrunieiit  theoretically 
perfect,  rather  tlwii  with  those  M-hicii  are  merely  aimplo  in 
I'onu.  The  tanj^-^nt  pialvanomoter  is  one  in  which  tlie  foreRoiujt 
principles  aro  carried  out;  that  is  to  say,  one  in  which  the 
mngnetic  field,  (^Derated  by  the  current,  is  so  lar^e  that  the 
motion  of  the  magnetic  needle  within  it  docs  not  materially 
change  its  relations  to  that  fiuld.  Therefore  the  easonoe  of  n 
tangont  galvanomet«r  id  that  the  diamct«r  (if  tho  wire  coil 
onrrying  the  current  ahull  be  at  lea«t  1 7  ^timcs  tho  K'n|^h  of  tho 
noodle. 

IjI.  ConMriirlion. — Tho  host  conatniotion  I  have  been  able  to 
devise  is  shown  in  Fig.  41.  An  elliptical  board  A  is  ouppnrlcil 
by   three    level ling-ocrcw»,   two    visible  aud  one   bi'yond    thu 

bindiDK-screwH,    The  rinj(  of 
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wiro  is  let  into  this  table  and 
supported  by  two  bloclu  of 
wood ;  across  its  middle  (a 
little  below  Ihe  centre)  a 
table  C  is  secured,  which 
CArrioH  tho  dial,  surrounded 
by  ft  rim  in  which  a  glass 
cover  can  l>c  plaLwl.  Tho 
iic'.idlo  may  bo  supported  by 
«  strol  point  in  the  centre  of 
the  diiil,  or  Huspcndod  by  « 
Kilk  libro  from  tl;c  middle  of 
til"  Bmnll  jiieco  of  wood  or 
bmxH  K,  olw  soourcd  to  tho 
ring;  this  can  bo  boat  Ad- 
justed to  contralt^,  so  as  to 
componsato  for  any  flight 
want  of  true  IfiToIliiig,  by  an  app&ratiui  similAr  to  tho  mechanical 
stage  of  a  mtOTOSOOpo.  I  have  shown  an  instrument  of  thrto 
o/jvuitg,  tbrotvn  into  action  by  a  commutator  F,U  wurkingnndor 
i^  0ttuid.     The  end  of  tho  cdrouit,  i.  e.  tho  largest  conductor) 
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is  sotdcnd  to  binding-scrow  — ,  the  utlu^r  cnilx  nro  taken  to 
tbroo  ■but*  F,  the  winw  bcinK  "lightly  let  into  tl)(^  wood  ;  a 
acniir-stttd  oonnootod  to  bindingnciTiw  •{•  nrrio*  Uio  xpring 
which  oomplotu  uilhor  citvtiit  n*  nocdod. 

)>l.  4%nMe«lwiu.— All  thcM)>thotiM  bv  koptaxcluco  m  poesitilc, 
ti  Dunti^lixo  Moh  otht^r'a  infiiuinoo  on  tlio  nocdlo.  If  tlioy  ar« 
Buiuc  dulAnoD  mpart,  mix-doiUy  in  the  plnno  of  tb«  ctrolo,  part  of 
il«  uction  b  ncutmUscii  V>y  the  ciimint  in  them ;  tlio  oonaactorM 
will  aW  act  invjciiliirly  on  the  nomllv,  aooordiof;  to  tbo  side  lu 
which  it  IN  dcllvct<-d,  nnd  diwtroy  the  truo  tniicontial  va1a<«  of 
tbo  d«fl<<ctioDH.  It  miiMt  nlwaya  1*0  romoinbenxl  that  conducting 
winw  and  ooiiniM^lionit  form  an  inlogml  part  of  OTOfjr  olootrio 
syKtvQi ;  we  oinnot  confine  tlie  aoUon  jiut  t"  thj«o  wiroa  wbidl 
vrc  call  tlio  iiiHtnitnunt  proper. 

}^}.  DrtaiU  of  CirfHit*. — Such  ik  throo-circtiit  inKtrnmont  may 
lit>  ctmHtnic'tcd  by  funiiint:  a  ring  of  pnpei'  npon  n  diitc  of  wood 
cut  in  twiiaiMl  ti^nijHimnly  KL-mircdlo  tho  t^Me  0;  tliiH  can  then 
\<B  muunttsl  on  u  alitnd  for  oiinTuniunoe  "f  wiiidini:'  T^y  "n 
Corty-fivK  turnii  itf  the  lincat  wire  to  lie  tiikxl,  lUky  N».  20.  then 
f'tur  (if  Nil.  16,  llivn  a  vomplule  ctrcin  of  tliickixh  (vipfior  ulioet ; 
next  five  ItirDii  of  Xn.  1$  and  forty-Ii^'e  of  N«.  30  will  complete 
tho  win«.  The  eitdii  uf  tlMtse,  ooming  (>iit  at  tlxi  lowciit  ]K>int  iif 
thii  ring,  DinMt  lie  w)  connected  that  the  current  oiitern  \ty  tho 
single  ring  and  g>KM  to  the  I  nlnd,  or  <MtitiiiUi,-«  tbrougli  tho  nine 
tiima  of  No.  t6,  luid  then,  in  liko  manner,  li>  xtud  2  and  to  tho 
ninirty  tumH  of  No.  >o,  alwnyit,  of  ooune,  in  the  name  direction 
around  tlie  ring,  nnd,  finaDy,  to  ]  Httid.  Tbo  cvmuutator  piila 
into  tbo  circuit  1,  10,  or  100  turnH  of  wirv,  and  by  the  arrangis 
nient  of  wiiidiDg,  tbiye  being  nractically  nil  at  tho  tinmo  dixtanco 
from  llio  nce^lle.one  valitu  vriilapply  to  all  tlie circuitn,  dividing 
tbo  currant  value  by  10  or  100. 

};4.  FoiiM  of  D^Mtient. — The  actual  defleotion  any  pai^ 
ticiiUr  tungtnt  gidvauometcr  will  produce  with  a  given  currant, 
ny  the  unit  ctirreut  of  1  amp&ro  or  oheraio,  will  de[>end  directly 
i](>oii  tht!  uuiuber  uf  tttnia,  and  Invcritely  upon  tho  dialaneeof 
till)  riuga  of  wire  frum  the  cc^utre ;  thia  rolation  ie  derirablfi 
frtHu  the  fullowiLft  law  : — 

A  carrent  of  unit  tlrtnglh  placed  tmrt  rounil  the  etrmmfervace  of  a 
iiret»  0/  «ar(  nidi'iM,  in  ihe  plana  of  Ihe  ma'jiflie  iru'riiiian,  mil 
taata  a  ihorl  mayiiel,  iwpfmifd  al  the  crntTt.  of  the  eirelv.  to  ln^  ih- 
JUfl'-d  lironyk  cin  aitgle  irhoni  langrnl  iiC'iSiI,  dmdt^  hij  ih' 
ojupjafu  iuvitotital  inlemnty  of  fAc  ixirfA't  inaffnette  foret  at  the  tiai" 
amit  plaee  of  lAtenalion. 

Kur  an^-  diaineler,  calling  H  the  oarth'a  horinmUA  VivVmnVv « 
r  the  m}ii/s  of  tho  coil,  J  i(a  diameter,  L  longUi  wt  vt'iift  Ki  Vv,<s 
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coil,  nil  m  instra,  n  Ibe  uunilicr  of  tums,  6  the  uigle  of  de- 
Scctiuii,  nod  0  th«  current  Htrcnglli  in  iibooluU  (mAtra-gramme- 
Miraod)  units,  wo  have:— 


C  =  H^ta»g^;orO=_H^X^Ung.. 


The  result  will  bo  oxpmtod  in  metro- gninino-aecoud  tinitB, 
and  nnltinliud  by  too  wul  give  tho  cwm-nt  in  anipirea. 

The  vabio  mag  be  aseerlaitifd  praclicatlji  hy  jHuwing  current 
ftom  n  oonstaat  bntloiy  through  a  ooppur  or  Rilver  voltAmet«r 
for  ail  exAoUj  noted  time,  tnking  onro  tlmt  it  i*  perfectly  steady, 
aud  obaerving  tho  dofl^'otion  vorj-  carufully.  This  will  give 
tbo  vulu«  t>f  that  duiloctiun  in  uinpi}r<.«  im  cxpUiixKl,  $  }3 }. 

All  thuNu  vuliiationti  imply  that  thcru  in  no  ilittturhiug  action, 
snob  ua  ciim'Htii  or  mnsscH  of  iron,  uaA  that  tliv  ohacrver  lias  no 
kiiiveH  or  itnys  in  hie  poclccte, 

Dtjh-etimu  r^ffcdtng  Co'  ore  very  unreliable,  because  of  tliC 
rapid  growth  of  the  taagcutial  scali:.  Even  at  50°  a  single 
degree  laoaui  three  tim«s  as  much  current  as  at  10  ,  four  times 
at  &o',  and  fur^  limes  at  60',  so  that  tbo  ttmallfxt  orixir  in 
iciadiiig  bcoumoit  of  gient  imporlnnce  at  these  Wko  auglen. 

IJJ.  OlJter  omMtrurticmi. — in  order  to  obviate  the  ntiudl  errota 
of  ttie  singlft  ring  nj'ctvtn,  when  tho  ring  in  n»t  very  large,  two 
riijgs  are  occasionally  cinployed,  in  order  tlmt  tbu  needle,  being 
sTii^ji^iuded  between  tlicni,  tho  crrorH  due  to  its  motion  may  eom- 
pcnsato  ttacb  otbt-r.  TbiH,  huwever,  leniln  to  intioduce  another 
error  affecting  the  tijnaller  dctk-ctinnit,  nnil  therefore  of  more  eon- 
sequence  than  the  other,  which  tcUs  miLinly  upuu  the  compara- 
tively naelesB  large  deflections.  It  in  also  staled  that  the 
deflections  are  aooumte  if  the  wire  is  weimd  upon  a  section  of 
a  cone,  of  which  the  needle  forms  the  itpex,  at  a  distance  of  one- 
fonrth  of  tlio  diameter  of  the  ntsirest  euiluf  wire.  In  neither  of 
these  funns  is  there  any  defined  law  of  construction,  and  the 
chief  advantage  of  tho  double  th>n  fuim  is  tlial  the  resistance 
may  bo  lower  by  dividing  tlm  current,  and  ibe  range  of  jwwor 
regulated  by  tho  distance  of  the  rings.  It  would  seetu  that 
these  forma  are  mora  ospcusive  and  difHcult  of  construction 
than  tlio  simple  ling,  and  that  Ibey  have  small  advantage  over 
it,  if  tho  ring  ilsell  is  made  of  a  widlli  at  least  eqnat  to  tlio 
length  of  the  needle  and  of  sufllcient  iliaiueter. 

jf6.  Till  BiSB  OALVANouKrEK. — In  i  j4}  it  is  shown  that  the 
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poll  of  the  eartit  variea  as  Uie  sum  of  Um  angle  of  cleSeclion 
from  eon,  iU  full  power  Imihk  dxorted  at  90^  The  poll  of  lh« 
<iarrc>nt  is  eroati»>it  at  o^  Hence  mgalvanomcten)  with  winw 
fixed  inpoBititii,  the  defleotire  power  wcskene  as  the  reeutanoo 
to  it  tticrwMK*,  and  the  influence  of  equal  incremeats  of  current 
ia  mindly  lednced,  aa  seen  f  )J4.  In  the  sine  galranomotor  tlio 
oeodle  is  always  in  tho  lin«  of  utmost  action  of  tfao  ourr«nt. 
booanao  tbo  wiro  roUowsthenecdloinilsdofloclion.  Twor^nolta 
follow :  I,  The  current  always  ex«rts  its  full  power ;  and,  2,  aa 
th«  needle  ia  always  in  the  middlo  of  the  magnetic  field  of  the 
wire,  any  oonstriiction  or  arrangement  of  the  wires  is  arnilnbli.^ 
and  any  horuionta)  galvanometer  tnav  he  ronrortod  into  a  sino 
f^lvanoButtor  by  placing  it  on  astand  movable  on  its  oentiv  and 
fitted  with  »n  index  traversing  a  graduatc<I  ecale,  as  deNcrihod 
f  J44.  All  that  is  required  is  to  pfaoo  a  «t<ip  or  a  Kinidl  wt-tght 
on  oaob  aide  of  oa«  end  of  the  indicator,  tu  limit  the  motion  to  a 
degree  or  two.  When  curTciit  passes,  the  noodle  oovim  a^lnst 
the  atop ;  tlten  the  inMtntment  is  moved  gradually  on  its  axis  till 
the  needle  rcsunn'o  tho  normal  position  on  the  zero  liwi.  A 
reading  in  now  tiikcn  of  the  dcerecs  of  aro  through  whiuh  tlie 
inttrouent  lias  bt<<>n  turned,  and  (lie  current  is  proportional  t» 
the  nno  of  this  reading.  A  mettsaieof  the  rnluc,  in  any  nnit,  of 
one  deflection  then  gives  the  values  of  all  rvadings  fmm  a  tahlo 
of  nnoa,  but,  of  course,  variable  with  the  strength  of  the  onrth'a 
naagsetism,  and  other  inlluenoM,  as  witb  the  tangent  galvuno- 
motar-  Long  and  heavy  needier  are  heat  with  these  imttnnncntit, 
whieh  are,  however,  little  used  now. 

}57.  ORDiKAHr  GAi,VAiioiiBTEii8. — Mo«t  nlvAnometoni  are 
oompoaad  of  two  flat  coils  of  wire  placed  side  by  stile,  with  a 
moo  between  tbom  to  allow  the  nc^dlo  to  enter  Uio  chamlior 
(enoed  by  the  iotarior  of  the  colls.  Thu  puwrr  of  the 
inHtruuicnt  depends  upon  the  strength  of  the  magnetic  field 
)iro(Iuc«d  liy  ihewiro  with  any  given  current;  that  is  to  say, 
uptiu  thu  number  of  turns  of  wire  which  nro  cfTcctivo,  and  their 
dugrue  of  efftsitivftncss.  Am  In  this,  it  might  W  suppoaed  thai 
the  ponition  of  grcatwit  influence  of  tlie  current  is  on  the  «Cto 
line,  aw)  vivo  to  the  ncodlo.  But  this  is  not  tbo  case.  I  oon- 
Btracted  an  expcrimenta]  instrument  in  whidi  the  ooaductor 
cxild  be  exchanged  »n  as  to  consiituto  a  single  turn  of  wire  at 
vurtioal  diatanc«ai  of  J.  ^.  i,  and  3  inehes  from  the  ni-eille,  aud 
niovahlo  horizuiilatly  to  any  distance  from  the  itiru  lino.  I 
paved  uniform  currunts  of  ■  rlu^inic  and  5  -  a  chemicH,  and  noted 
tbe  defleetious  through  a  larvv  rango  of  poaitions.  ('"r  experi- 
OMtital  pnipoees,  lD«nimedt£at  thcdeficctioMiroraoV\iD>&%s:vi^jti& 
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values,  and  oonstructod  curvoi  of  Action ;  those  Mliow«d  that  tho 
piwer  or  the  corront  over  the  nocdlo  incroMcs  as  it  follovra  tbo 
duflcctioii.  i\a  tho  wiro  moved  out  from  >on\  tho  deflection 
incroosoil,  ai  though  tho  neocllo  wcro  boiiig  ptuliod  viit>  until  tho 
wiro  WMOGftrly  over  thv  pole  oftho  nMdle:  it  wwovidont  thnt 
tlio  niro  18  inetTi-ctivo  lA-'j-orxl  a  certftin  llonzoutal  tliatmico. 
which  ifl  smnllor  this  nonror  tho  wiro  ia  to  tho  injodlc.  Tho 
RuuMn  in  obviuriH  if  vru  ci)nni(l<ir  tho  iniigiiotio  fields  gDni;nit«d. 
It  is  oviiU'iit  lh«t  tho  doiihto  coila  oiitiKtitutO,  not  onu,  t>nt  two 
fiblds  oviirlaiiping  ciicli  other,  itiid  tho  Htrongect  jiart  of  each 
fiiilil  U  in  th«  rorlicnl  jdaiiv  of  tho  middle  of  tho  mil.  Tho 
coiiMcijiienL-i;  Is  lliat  on  tha  middluliiioof  tbotwofJuhtn  thoyhavo 
a  woukor  ncitioii  ujkiii  lhi>  |><de  of  the  tieedio  thiin  tluty  h»vo  lut 
tlio  duflectiou  iiionwieM.  Tho  action  of  each  iiaintof  tbo  wiro 
iijKin  the  |ioIu  vtirii^  iu  fact, us  tho  Bt^uure  of  ila  di'^lAiioo:  if, 
then,  wh  coiioldor  tho  itctiun  at  the  zoro  line  lU  rvpruHeiilinir 
dintunoo  I,  llw-  offi-'Ct  of  llio  two  cujln  will  ho  i  +  i  =  a ;  b«t  « 
the  piiaition  !«  oaoh  as  to  hiUvo  oiio  distance  and  duuhlu  tho 
other,  wohttvu  llie  sum  of  tho  actions  ^ -{■  ■  i^  =4*1;.  donhlu 
till- Ai-st  |)(>in-i.n'.  Of  course  thii  in  only  a  very  ruujth  inmlo  of 
rock>>ninK  whikt  c<mld  only  be  exactly  represented  hy  auoluboratd 
array  of  ii)->ir<^,  aiiuh  as  are  given  in  aomotoxl hooka,  tooalcnlato 
tht!  {iii>]>L'r  furu  to  give  the  wire  trpaoe  in  ThomBoo'a  refleoting 
gal vanonio tors.  A«  the  vertical  distance  of  tlio  vfire  inorcoaun, 
the  ovcrliippin^  of  tho  two  Aolds  iiicreaHOH,  and  the  action  hocotnea 
inoro  cijiml,  till  at  n  coneMvraMo  vertical  distance.    lh»  wire 

f;ivc8  A  curve  uppnmi mating   to  tho  straight,  or  tangential 
ino. 

i;8.  It  is  Gvidont  thAt  noeimpio  law  can  give  the  valneof  tlie 
donwti'ina  of  BUi^h  inxtrDioonte,  because  tho  jiosltion  of  every 
tuni  of  wiro  has  its  effect  upon  the  field;  hut  a  line  can  be 
ascoitainod  hy  ex  peri  mo  nt,  which  fulliU  tho  function  of  the  line 
of  tangonts  in  tho  uuro  perfect  fomi,  this  line  being  a  curve 
\nryii>g  with  the  positions  of  tbo  wires.  This  (which  no  one 
else  has  dcecribcct,  to  iny  knowledge)  is  tho  plan  I  devteed  for 
catihrating  gMlvaiuunctcn.  By  placing  tho  iiistruuiont  in  circuit 
with  a  InngODt  golvauumotor  ^nultuttvd  in  amp^roe,  I  obtain  a 
aiiric*  of  corTC-HiKPDding  dofleatiunii  which  1  transfer  as  ladia) 
Hucji  npon  n  paiicrmoiititcd  ui>on  a  tnblo  having  a  large  ijuadrant 
dran-n  upon  it,  and  Gttcd  with  an  arm  working  on  a  centre  pin. 
Knowing  approximately  what  tho  onrvo  will  ho,  1  nin  a  pair  of 
OOnintUiScM,  o[icn  to  a  snitahlo  upaoo,  over  thoso  lines,  and  thus 
obtain  n  curved  lino  which  can  thtn  Iw  divided  into  njnal  parts, 
tiaii  which  neta  as  a  hcoIo,  novonil  feet  in  length,  from  wjiich, 
bj'  meaoii  oftho  nidjaj  bar,  the  actual  dial  of  tho  golvanomoter 


itoivkTioxAi.  ancviTit. 

is  eaaUy  and  correoUjr  dr&wu.    Such  a  oot  of  ourvci  tx  ehown  in 

j;9.  Onu  object  I  bare  turned  kt  in  gnlvuionteters  is  tt>  ao 
oooalruct  tli«iu  tliat  tli«  iKtiou  of  any  oT  tho  hotiawnUl  sectiuuH 
sbooltl  Ix-  cH|tia1,  >ud  auvli  lliat  it  altould  vary  as  tho  uninlwr  of 
tOTiM  of  wire  ooonpyiiij;  that  MuoLioa.    TLiif  can  only  ba  iwlly 
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accompliah«<l  on  ooiidiliou  llukt  tboro  b  no  ocnti«l  0[>eDii)g,  liut 
itcanWniipMtobitl  iTtbe  vrin  in  tbc  inner  laj en  U  extended  ho 
br  intw  Uio  iueflectivo  spooe  as  tu  ooippeniiato  for  tbu  greater 
jHiwnr  of  till.'  turna  near  t£e  uiiddl«. 

Uf  ouiiriwUkisdimiuisbra  tbo  nctual  jwwer  of  tho  instrument : 
but  tbo  object  ia  not  to  nm  the  vrir«  ao  as  to  produce  tbo  utaiwt 
effect,  bat  to  obtain  a  partiouUr  resull.  Ju  llii«  way  I  baro 
prodacvd  cin.-uits  of  l,  lo,  lOO,  lOOO  turns,  which,  with  thooo 
itambon  of  ohms  in  t^rcoit,  wonld  each  produoo  a  deUcction  uf 
)4°  with  a  ourroit  firon  tbo  eame  Daniell  cell. 

Fig.  ^2  alvows  a  Bet  of  f^raduation  carves  obtained  fur  an 
iEi«trumi-iit  having  four  circuits,  cxniiiHting  of 

No.  4,      ..     90P  lams  No.  36  catton-ooyered  wiru 
5.      •■        90        »  18  .,  „ 

a,     ..         9        „         18  „  doubled 

I,     ..         t        H         sheet  copper. 

Tbe  whole  being  cf-uUnuous,  this  gives  four  circuits  of  i.  10, 
IDO.  lOOO  turns,  bo  amtugcd  as  lo  have  approximately  equal 
ac'-iona,and  give  reading  of  current  fioui  1;  amperes  to  'oooi. 
In  this  isetrument  tboro  was  a  vide  opening  in  the  miildlo,  and 
tbee&ot  ia  shown  in  Ciii-vo  4.  which  is  that  of  tho  circuit 
dooMt  to  the  nectllo.  Wboro  tho  curve  nscb,  tW  tnirPivA^A* 
Itaatponvr.     itc  carvosbovra  atiKi  V>y  it«  nivVi  WX  ■\)(jtj<wiA  v^ 
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t^^^j^tf  eot  <'xtond  far  enough  ttoTa  the  needle  to 
NUillwtiwfitl£^Ciirvo  t  Hbows  the  effect  of  iucnofted  vertical 
^iflianoo  in  doing  nway  with  Uie  effect  of  the  middle  onenin);, 
and  aXao  in  utilijiiug  th«  uuUt  |pi>rtiuu  of  the  pUte  or  metul 
Alliog  the  ■giiic'  di-vuted  tu  that  circuit.  It  shows  okarly  that 
at  u  furthi-r  ilintitiiM  tliu  oirvo  would  Satten  dowu  tutu  the 
simplo  tangent  lim?,  Fij;  40,  whioh  is  the  scale  of  eijual  parts 
jihuivu  Fix.  43.  iiidit-atiiiji  amii>-rM  oa  Curve  1,  aud  the  oonv- 
spoudiiij;  decimal  auliinullijilea  upou  the  othercurrea.  It  shonld 
lie  uiideistood  that  an  unaiktisfactory  iDstrumeDtiahereseleot^Kl, 
because  of  the  Icesonslt  teaches,  »nd  beoaose,  on  ihia^mall  scale, 
good  carves  wonld  nm  into  each  other  too  mnoh. 

I  have  made  iustnitnents  ou  this  plan  which  wonld  measure 
cnrrenta  from  that  of  a  large  Qrove  cell,  eay  18  amperes,  direct 
aiid  without  shunts,  down  to  that  passing  through  A  racaum 
tube. 

j£o.  It  is  remarkable  that  no  text-books  explain  that  gftlvauo- 
meters  oan  show  the  reaistauce  of  the  circuit  as  well  as  the 
current,  provided  the  eleotromotire  force  is  kuown.  I  dieoovored 
and  patented  this. 

As  current  and  resistance  are  linked  together  by  a  defiuod 
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law,  they  Ijcing  invonra  to  each  otlier,  as  ^j  =  C,  and  ^  =  R,  sw 

also,  as  in  A  tangent  gaUitnomolcr,  C  varies  as  llf  lainjmt  0/  Ihe 
aiii/le,  it  follows  thtkt  th<>  resistance  varii'x  as  tlio  cn-lati'jrnl  of  the 
antjU.  TLi-rufiin.',  an  tho  lino  of  grnduaticin  for  cunvjit  ongiiiatos 
at  the  xcro  line,  or  at  o",  so  qIs»  a  true  line  of  iiradnation  for 
reaiatanoe  oriffinatcrs  at  90",  the  graduation  of  that  liue  depending 
on  the  EAIF  employed:  tlie  Daniell  cell  is  tlia  only  one 
suitable  fur  this  purpose. 

]6i.  For  con  veil  ittnct!  of  nmatenr^  who  may  wish  to  constrriot 
an  instrument  of  thin  kind,  I  describi;  a  vimple  form  with  three 
oirouiln,  whieU  will  auHwcr  many  purposo*. 

Fi>;.  41  rtrprcreiunts  a  Htund  wiili  thniu  levelling  screws;  on  it 
are  lived  the  ooilgi  of  lliu  galvammietvr  jind  a  commutator  for 
thruwiug  diffetvnt  iMigths  of  wiro  int'j  circuit.  The  coiU  may 
lie  mode  in  ono  frame  on  a  flat  oopiHT  tube,  or  aa  is  natially 
done,  in  two  parta,  ono  on  each  aido  of  the  neeiUe;  the  sides  of 
the  frames  are  scourocl  to  tlio  stand  cither  by  brackets,  or  if 
made  of  wood,  by  bnuw  screws  paann^  up  through  the  stand. 
Even  if  made  separate,  the  two  sides  of  the  coils  should  be 
moQtited  together  on  one  maudicl  for  winding,  so  as  to  dietritmte 
the  wires  equally  between  the  two.  Th<'  obumlwr  within  the 
omSii,  in  which  th«  magnet  playn,  tiliuuld  lie  1  iuohos  long  and 
J  iueb  fioep,  and  the  JranH}  Biado  ;^  inches  long  and  1)  inch 
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Itigh,  so  as  to  form  cli&uiielN  or  xpowo  in  irhidi  Hus  itriro  wilt 
liv,  }  inoh  wide,  utiJ  Uta  wimo  iu  d<^ptli  all  round  tho  oontrail 
ohamber. 

The  \ayiag  ou  uf  Uie  wiro  Ivginx  in  Uio  luiddto.  luid  ciMb 
end  must  ooiopletc  au  axuct  turn  at  tliv  middle,  or  tLo  iadiviUianii 
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wi>uld  1m  iaucnuruto.  Fimt  lay  uii  90  turns  of  \o.  20  ootloii- 
coTorcd  oopner  wtrv,  Icariiig  6  iiiclica  out  for  ouuucctioti ;  4; 
tnrnti  oQ  oadi  nide  will  briug  the  ooila  baclc  to  the  middlo  liiiv. 
Holdur  tlie  end  of  tJiv  Na  to  (at  tho  oxact  turn)  to  a  doutilu 
leiigtii  of  No.  i3,tcaviui;5)uoheBOflIio8G  out  for  tli«  ooune^tion, 
aiid  lay  on  uiiie  taruB  of  one  of  tJteso  wires  in  each  L-lmim^l,  ko 
as  to  £vide  tJie  ourreut  between  tbem.  Finish  with  a  strip  of 
cMppor  ^  ioclt  wide  joined  to  tho  18  wirt),  at  the  exact  spot 
completing  a  turn,  and  leave  the  enda  of  the  wire  out  for  oou- 
seotlOD ;  make  one  turn  of  the  strip  and  bring  out, on  each  side, 
a  wire  soldered  to  it,  for  ibe  comniencemeut  of  the  coils,  This 
will  ifJTe  tlirce  oircnits  with  decimal  ratios  (nearly)  to  each 
Mlier.  'I'be  wire  ends  are  to  be  carried  through  tbo  stand,  and 
led  to  the  required  points.  The  two  ontaide  ends  arc  taken  aa 
one  (dividing  tliu  cnri'unt)  to  tho  binding  screw  4-;  the  next 
jMJr  of  No>  t  S  rcpre«enting  one  turn  round  tho  iiecdti^,  aro  taken 
to  I  of  the  commutator  ;  the  next  pair  are  tak«n  to  i,  giving  10 
tama ;  the  first  end  of  Ko.  30  win  whicb  completes  100  turns 
gws  to  J. 

)(j.  The  comtnnlator  is  similar  to  tho  onu  asud  tT«i\Qvsti\;j  wv 
■adieu)  coi}«,  a  oontral  pillar  oonuccUA  to  blading  wxmv  —  w>\ 
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a  sjxing  horn  it  travoreiiig  over  tlio  uumkcrcd  stints.  Foreomo 
ivasous  it  i*  bottor  to  uiie  mercury  cupa  thus:  a  block  of  hard 
wood  Bii  inch  thick  has  oftitial  and  ndial  boloa  |  inch  doop  by 
i  inch  bored  in  it,  and  when  llxed  on  «  Btand,  holes  aio  borod 
throngh  just  Urge  enonf^h  to  pass  *  No.  ii  c»]ipor  wire,  on 
which  a  head  h«§  been  hanimoivd  up.  Th<:«o  hoads  aro  well 
smalgnmntod,  and  a  pioc«  of  wire  bout  twico  at  right  aoglps 
pMwa  frvint  tho  central  cup  to  tho  one  dc«in?d  to  bo  tigoi)  ;  the 
nrislanccH  are  thus  kept  very  ainall,  so  that  when  u«oJ  fur 
mounrinf!  tiattorioe,  Ac,  tboy  may  bo  ignorcti  in  many  cmo«. 
A  oonviinicnt  oommiitator  is  made  with  brnKH  kiI'.iwh  Jixud 
ni-ar  llie  i;ilgc  uf  tlio  under  aide  of  tho  biwe,  tn  which  tbo  wirtii* 
aro  «iildcnjd,  a  oonKiderablo  Innip  of  solder  nm  nver  Ihcin,  iind 
all  hriiii^ht  t^)  a  level;  a  spring  with  a  projuctiii)!:  hunillo 
travoTMi.ti  iliiMtii  Hun^vrx.  birin;;  itst:'lf  licld  at  any  roiivctiiuni  purt 
of  thii  middle  lino  uf  tlic  hiuic  by  a  bras:)  screw  and  a  turgo 
liuuriu^  Huifueo  connecti,''!  to  the  proper  tArminul. 

The  nci-dic  in  i  ^  ini.'h  long,  of  lour  ntriim  of  watch -tip  ring,  and 
uiay  \v  (ittod  with  an  indit-aUir  and  niountcHl  in  oither  uf  tliu 
ways  dcHcriliod  j  105,  ho  aa  to  play  within  iho  u'titriil  npac<- :  if 
moutit<-il  on  A  point  a  long  n^-cdle  niny  Ih^  lixi^d  iii  a  pici^O  of 
braaH  and  Mun^wiil  up  through  n  hole  in  tho  Ktand  and  in  tho 
middle  uf  tho  eoiU,  with  itn  jmint  Koniewhat  nbove  the  lovtrl  ef 
tlio  frame.  Ou  tho  frame  iKsocnrud  a  dial  of  i:-ardboai>],  wllhaii 
opt^ning  in  thu  middle  to  paoc  the  needle  through,  and  a  glaMH 
cover  should  go  over  all. 

j6j.  The  graduation  can  ho  effected  oi  before  dosorihed,  but 
the  following  values  will  approximate  tu  thu  readings  : — 


Owaiki.  nejm. 

Clmiila. 

rxgiwa. 

CttamliM. 

DHTML 

Chemlo. 

IHSrr™. 

1        ri-j 

i 

41 

9 

s» 

to 

N 

1       31 

l> 

47'S 

to 

60 

i° 

BJ'S 

I      i' 

I 

5" 

'i 

H 

100 

86'i 

4         J8 

55 'S 

]□ 

71 

These  S£iiroercprefi«nt  the  inilicatiouaou  No.  t  circuit:  ■whm 
No.  2  is  wnploycd  they  are  to  bo  dividt-d  by  10,  and  by  lOO  ft>r 
No.  ].  By  using  liner  wires  more  circuits  may  be  used,  but  tbe 
Him  of  tho  frame  must  not  he  iucreaaed,  and  tbo  whole  epaoo 
must  bo  filled,  or  tho  ratios  will  not  hold  good. 

J64.  A'KirricAL    OAi.vAxovETKHa. — For    many  purposes    the 

needle  works  in  a  vertical  plane,  luountod  on  a  central  pivot, 

in  which  cniso  the  needle  is  double,  one  working  inside  a  coil, 

itie  otlior,  with  its  polc«  revereod,  working  outside.     Such  an 

inatraaeat — irhicJi  is,  in  fact,  the  needle  telegraph  instrament 

— h»B  its  ailrautages  Jn  I'ustantaneoxta  action,  »*  Mi"i  noedlo  doc« 
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not  vibrate  na  in  th«  hoiizonlal  form,  and  ready  TtRilFility  froin  a 
dictanov,  which  B|>cciiiUyad»pte  them  fur  usoasntcre  iutlicatoni: 
tb^  can  also  be  i>Iac^  in  any  poeitiou,  and  aro  not  much 
distorbod  by  noigfaboiiTing  currents  or  maf^iieta,  Imt  tlwir 
indicationa  are  not  to  b«  tnistod,  as  explained  3  }4).  Tlwy 
ftre  much  used  in  practical  opcration^  snch  as  teatiui;  vriren, 
for  ibeir  portability  and  general  handinow,  and  in  »aax  casca 
ve  tuoallv  mA<l«  <n-ith  a  doul)lo  wirn  so  as  to  be  employed  as  a 
diflvreulisl  gatvaaomot^r.  Tho  constmotioit  is  the  mtue  an 
tliat  of  boriiMntial  instrainonts,  tho  diSorraco  being  in  tlie  modo 
of  Huspondiu^  tbo  nccdioe  and  tho  mounting  in  a  case. 

Tli«  •onsiti%'oiitnB  may  bo  increased  if  tho  axis  of  the  ueedlca 
is  pointed  at  tho  back  »<>  as  to  work  in  n  oiip,  by  inclining;  tho 
inttraiacat,  and  so  diminislitDg  tho  lioight  through  which  the 
weight  has  to  bo  Jifri-d  for  n  givon  dufluotion. 

}£5.  DtfTEitucrui.  GALVAXOurrvrtti. — Tbeso  ma;  bo  made  of 
any  forai.  I'hcy  conniHt  of  two  nimilar  wirM  lido  by  sida 
thn>aKhout,  bat  ctin^fiiUy  iimiilnted  from  cocli  other :  Ihey 
mnnt  liuve  ■■''insl  inlluvnco  npoii  the  Qowltn,  and  also  equal 
iiiuidiinott  To  Kvciiri?  Uiu  fir.->l,  tare  niuftt  bn  tulcen  that  the 
win's  aiv  c<[uiilly  tightly  laid,  mu  th^it  i>ne  biui  no  greater  length 
at  any  part  tlian  itnotbor.  They  MhtmM  iniikn  a  half  twist  at 
Mch  layer  to  Ining  tliura  nltemalily  Ih"  nciin^dt  to  tho  needle  ; 
if  this  prMBOtion  is  QOt  takoo,  and  u  nc-('<ll<!  muhjiq ailed  by  a 
&hTT<  is  used,  tho  MMtdlo  is  apt  to  1m!  drawn  iK^lily  towards  one 
ftido.  and  to  )»>  deSwtod  in  oiipusitu  dtrcutionH  aeoording  to  the 
sidr  it  is  dniwu  to,  in  which  case  no  ndiaiico  can  ho  placed 
QpOD  it,  as  the  least  chango  of  level  will  cansu  it  to  turn  either 
way  with  tho  Ramo  ounents.  For  this  T«asou,  pruliubly,  dif- 
ffTt-otial  ^alvauomoters  are  usoallj  mwlo  nitli  pivoted  noodles, 
thus  lowering  their  senailiveBeas.  To  test  tho  efjnslity  of 
ftctiou  the  two  coils  are  to  be  oooaected  at  the  one  end,  so  that 
the  oiuT«ut  goes  by  one  and  returns  by  tho  other;  no  doS«otioR 
sboaM  bo  produced,  however  strong  the  current.  If  any  is 
•bowu,  it  may  be  corrected  by  adding  one  or  more  turns  of  one 
wire,  or  if  this  giTOs  orei^^OReotion,  by  nnbylug  part  of  Uie 
wire  having  least  iitflueiice  and  laying  it  again  somewhat 
loQselT  so  as  to  lengthen  it.  The  equality  of  Tosistaum  may 
then  be  tested  by  connecting  tip  the  instrcimont  eo  as  to  divide  a 
enrreot  between  its  two  coils  witli  rercnio  action,  and  adding 
wire  outside  the  coils  to  the  one  having  most  eSbct  until  they 
txaotly  balance;  or  Ifao  resistances  may  be  equalized  by  means 
of  the  bridge. 

A  diRerontial  galrnnometer  may  bo  employed  ks  %  mi^^vi 
eifoait  <4a}tenbh  rveiataatx  snd  jiowors,  as  one  cVttoVV  TKiaii^  '^>« 


u»if(l  ulotio,  or  tho  two  ooaj)kd  as  one.  rfidocing  the  reaiatanoc 
tu  liuir  of  that  of  a  single  airouit :  or  they  ma;  be  med  in  scriM 
with  (IouIjIg  ilio  mimanoe  but  double  the  action  OD  the  needle, 
euuh  of  vrhioh  arrange  men  te  suits  varied  ooiiditiauBOf  resistaiUH) 
iu  tliu  rest  of  the  drouit :  eiioh  an  instrument  is  therefore  of  nw 
with  llie  Whoatalono  bridge. 

166.  A  good  differential  galvanometer  enables  residtanoea  m 
volt  as  corronta  to  ti»  oomparvd  on  principlee  umilar  to  thoae 
expUined,  S  ]9g.  If  the  two  coils  are  exactly  eciual,  currentu 
may  bo  compared  by  passing  thorn  in  opposite  direotiona.  Two 
noutaDoefl  may  be  oompared  by  putting  ono  in  eaob  cironit, 
and  ihcn  conneotJng  to  one  battery  so  as  to  divide  the  onri^ent 
botween  tliom :  if  one  ia  a  rcaislanoe  to  be  mmsored  and  the 
other  a  resistanco  iustnimonl,  by  altering  the  Utter  till  there 
is  no  eSoct  upon  tho  needle  it  measures  tlio  first  reeiatanw. 
multiplying  ratios  are  given  to  the  instniment  by  moans  of 
shunts,  S  }69<  These  are  provided  toonoor  borh  tho  cinniits  in 
such  way  as  to  open  other  paths  to  tho  current  and  allow  /p  or 
■jla  of  It  only  to  pass  the  coils;  then  tho  actual  resistance 
inwrted  in  the  othor  cireiiit  has  to  bo  inultJpltud  by  lOOr  loO  to 
pive  the  resislauce  which  it  balances. 

In  using  these  inatninin-nls,  wlit-n  the  resistAnco  1"  be  nieasured 
is  e<[nal  to  or  greater  than  that  of  one  of  the  wires,  tho  Tc«ietaDO0 
and  rhedatat  shunld  bo  iuBerlcd  in  the  circuit  as  d««oribcd  :  but 
if  tlic  resistance  is  loss,  it  is  Ktlor  to  couple  tho  two  circuits  so 
Mi  t'>  ncutralixo  ouch  other,  and  to  use  the  rheostat  and  ro- 
(ii«tanco  to  bo  raeasurod,  as  shnittf,  one  for  i«ch  oirouit. 

J67.  Tjiouson'h  RKi't-BCTOit. — 'I'his  raluabto  instrument  i«  eo 
purely  technical  in  its  nwH,  that  a  full  description  is  hardly 
rcqutriH)  hern.  uHpcciiilly  as  it  In  rarely  likely  to  Ih^  made  by  any 
one  not  familiur  with  it.  It  is  usually  e<)nHtruct«d  upon  u 
vertical  bnum  plate  about  1  incli  thick,  soourcly  mounted  by 
pillam  upon  an  ebonite  stand.  Iu  the  plate  and  uiion  each  ride 
of  it  are  turned  circular  recowea,  leaving  a  tliioKntTitii  of  leiis 
tban  \,  tho  outilie  of  which  is  also  entirely  cut  away,  as  well  ac 
tt  rortieul  space  in  which  hsnga  (be  needle  system.  Four  reels, 
nliDut  J  inch  wide  and  of  a  to  2}  inches  diamoti^r,  of  braoa  or 
ebonite,  with  a  coutrsl  tube  of  j  inch  bore,  contain  tlie  wire,  and 
are  made  to  fit  into  tho  reoeeaos  of  the  plale  and  hold  thoro 


m 


either  by  largo  headed  screws  or  by  tuniing  niiiull  t^tcb^'K  mo  m 
to  grip  tho  edge  of  tho  reels.  Tho  coils  are  oonnecteil  iu  pif 
leaving  four  ends  which  are  connected  to  biud!Hg.florowiij 
that  if  the  ooils  ore  exactly  alike  and  carefully  atijuated  thoy 
jaajr  ho  itsod  difforentially,  or  at  any  ralo  be  OouuecU'd  variously 
Da  doKribed  $  j6^.     Iu  some  oases  also  there  are  doublo  wires 


im 
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BwJ  to  make  tho  inRlrunieiit  a  tnily  diffcU'iiUal  on«.  AocordJDg 
to  thD  pnrpuGos  dosircd,  Hifforont  aucid  n-tm  are  neml :  but  6ne 
wiro  (No.  40)  u  g9iici(klly  nsocl,  and  a  resistAoco  of  8000  or 
10.000  ohms  laid  ou. 

The  noodlo  hthIoid  contsiaiB  of  two  pioccs  of  wBtdi-spring 
I  itioh  long,  ctimotited  upon  ui  ttluniiniam  wiro  «o  ns  to  occupy 
the  middlo  of  tbo  coil  tubn;  on  tho  npp^ir  ncodto  ia  also 
ceramtftd  a  mirror  mado  of  a  mtcrosoopio  coror  silvered  and 
ineliDfid  ao  aa  to  rofloct  n  littlo  upwards,  and  a  slip  of  miuit  is 
&iod  uroM  the  lower  nocdlo  io  aa  to  act  as  n  damning  vnno,  and 
limit  tbft  phijr  of  tho  noodli^  At  tho  top  of  tna  Ktniporting 
platr,  and  111  a  holi,-  <1riUo«l  oxartly  dowii  tho  t^vntnil  liDc,  w  u 
ulidiiiff  wiru  with  a  hoUt  in  it*  l»wi<r  i>nd  to  which  i»  bifokcd  1^ 
iHIk  fibro  altaohcd  to  tliu  nliimininm  rmt  of  tho  DOedlcK;  this 
Gbr«  Khoald  liavi.'  as  much  lougili  iu>  potuiblu  given  it,  and  by 
•lightly  raisiug  or  lowering  tho  rod  tho  needle*  can  be  promirly 
krrmnged  for  work,  or  lowered  n  as  to  take  their  weight  off  tlio 
fitnv  wbou  moved  about;  this  needle  aj-^tein  Hhould  weigh 
altogether  only  )  or  4  grains.  The  mirror  in  (touietitnes  made 
aomowhat  oouoai-e,  k>  as  to  ooncentiute  the  light  iit  a  given 
fttona. 

Tho  instmmcnt  is  covered  with  a  cylinder  of  glasH  witli  a  flat 
hnm  lop,  from  the  middle  of  which  mrnt  a  bnuia  rod  fitted  witli 
a  tangent  scruw  to  move  it  gently  round.  Tho  rod  ciirrics  a 
hiding  tube  on  which  is  fixed  a  eurved  magnet,  by  altering  iLu 
poaitiora  of  which  the  needle  is  ountrolled,  as  to  delicacy  by  the 
height  of  the  magnet,  and  as  to  |>oBit!t>ii  by  the  line  ui  wliiuli 
the  inajfuet  is  placed,  so  os  to  supersede  the  Buall  directive 
action  of  tho  earth  upon  the  nearly  astatic  i;eedIo  system,  which 
is  powerfully  c-:>utTollod  by  this  maguot  owing  to  its  greater 
nenrtHss  to  the  upper  ueedlo. 

)£fl.  TKc  index  is  the  beam  of  light  rcflocted  \iy  the  mirror 
from  a  lamp  plsoed  behind  a  screen  i  or  mon>  feet  distant: 
anally  a  mirrow  slit  is  proTiiIc<l,  which  thus  sends  bock  a 
Barrow  lim^  of  tight :  it  is  much  better  to  uso  n  \  inch  circular 
opening  with  a  vertical  wire  (which  should  bo  a  dood  black) 
nretohod  acrom  it;  this  ^'fleets  a  bluck  line  croesine  the 
graduation,  stirrtmnded  with  light  enough  to  enable  tlio 
graduation  to  bo  obscrvisl.    The  light  is  improved  also  by  being 

tilat:«d  MMne  disbinco  back,  with  a  retlL-otor  and  oonovntrating 
Bn«  adapted  to  the  distance  of  tlie  mirror,  so  as  to  get  a  bright 
■pot  which  docs  not  rotiuire  so  mudi  darkciiing  of  the  operating 
notn, 

7%«ierceNhas  npon  it  ascnloofixiaalpaTtamuttitlail  (m«.1^.\^n 
for  a^astateat,  aatj  th^-  whole  is  to  bo  bo  attiin^'iaL  VWl.  xV:. 
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iiirIii.'ntiDg  line  or  snot  ig  upon  the  ?.ora  lino,  and  is  equally 
iJcfiwtwl  to  either  Mdo  wiih  rorerseil  eqrnil  cnrrente.  The  best 
scnran  is  one  of  glaas  miulo  trnnaliiocnt  by  grinding  or  by  meftiig 
uf  Kuitflblo  vaniiBb,  upon  which  tho  sralc  in  engraved.  This 
fonit  of  Hcalo  is  plaood  between  the  obiwn'or  and  the  instrument, 
und  nhould  haw  a  frnmo  work  of  blnck  eloth  around  to  throw  it 
lip  ;  it  can  tJivn  bo  used  in  difl'nsod  daylight. 

Thu  di-Ucctioos  within  tlio  nmM  limit  of  nlay  allowed  are 
liroimrtioniil  to  tho  tangent  of  tho  nnglo  of  iloHection,  and,  con- 
noiiiivntjy,  to  a  Htraight  lino  dividod  into  e'lmil  p4rt»  forming 
th«  Hcalo :  an  abMolntci  value  can  bo  given  t"  the  lUiflcctions,  as 
with  tlio  tjing'nit  giilvjnom<'t4.T,  by  ascH.^rtiiiuiog  thn  vultiu  of  one 
ilnflvelion ;  but  IliiH  valito  will  only  hold  fur  Ui«  iiaiiici  ilislanoo 
of  tho  tUMlo,  whivli  diHtanoo  ran  thnrvl'itrc  bo  niljiisU^d  tio  an  to 
bring  thn  unit  defloction  of,  Kay  lOO  jiurlK,  to  Kumv  ilvcimul 
niilmiuttijili!  of  the  nm|H:nx 

jf^.  A  *hanl  in  alwnyK  jirovidijd  with  tho  intitniment  so  nK  to 
■'Clid  idVdi  1  W>  I*))' "'' "^'  the  OunvnlH  itilu  tho  CoiU:  by  iming 
thoHO  OB  aocumcy  of  nitaginremunt  im  ujiuroaehed,  obttc-rvai  iono 
can  bo  modo  withont  lhn>wing  tliu  n(M!<ll«  about  too  violonily. 
Tbo  instrument  niiiitt  W  aliHulntuly  olvady,  and  therefxre  fixed 
upon  a  briek  pillar,  or  upon  a  shelf  fixi>d  on  it  Hulid  wal),  otbcr- 
triBO  tbo  Hpi't  of  light  IK  iiltvnyB  dunciiig  ubtnit,  and  it  in  im* 
poKHiblo  to  innkc!  any  UBfcfid  oliacrvatioriK. 

j-,o,  ri^rnmueut  luagin-'la  may  Ih>  attunbcd  to  anv  form  of 
galvanomeliT,  as  described  S  jG;,  as  i*  doni-  with  tbo  I'i*l  Ofliuo 
tan;;ent  pth-unumeteis,  and  llity  may  be  adjustid  by  putting  a 
good  Daniell  eell  in  circuit  and  a  tutal  i**>islanco  of  t  -07  ohma 
or  tho  propur  nitiliiple,  and  ahil'ling  tho  magn«t  until  tlio 
instrumeDt  roads  the  eorreapondinK  "'■'*  current. 

}7i.  Control  JVasueU  &ro  Uicd  in  other  forms,  in  sulwlituliun 
for  tho  earth's  field :  they  are  more  powerful,  which  nmkes  tho 
inatrument  more  sansitivo,  and  tbey  are  less  subjoct  to 
disturbaoco.  a  groat  advantage  in  tho  neighbonrhuud  of  dynamo 
laacbinos;  but  though  it  in  said  by  those  concerned  that  thoy 
retain  ihoir  charge,  that  in  not  nn  at-ccpt^d  iK-lief.  boo  5  i^6. 
They  have  been  uni'd  iti  JOnglaud  by  I'rofccsoi-s  Ayrton  and 
I'erry,  and  in  France  by  M.  d*Ar«i)nval.  Any  form  of  (^dlB. 
horiwintnl  or  vcrlical,  nuiy  be  nsod  ;  but  tho  noodk*  should  bo 
small,  nnil  arnmgi.tl  in  tho  centre  of  the  field  of  tho  pcimniicnt 
magnet.  In  i)i>me  iiintruniont«  tlirt  conlml  miigni't  ia  cinxtitutcd 
by  tbo  ouiTunt  it.-iidr:  in  thin  uutte  tbu  coru  Hbould  attain  ita 
maximum  niugnetism  with  u  small  enrni-nt ;  a  wint  of  virry  jmro, 
tKtft  iri>u  as  long  im  can  couvcuiently  fonn  a  burav-iilioo  witliin  tlie 
jueCniiaoat,   may   bo    wound    witU   a    ]ayor    uf   wire,  acting 
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OB  n  uliunt  to  the  coUh:  thu  •!«!  and  longlh  of  thU  vlro  will 
vaT7,  of  ooane,  nocvrduig  to  tho  tuogiiitude  of  tlio  oomnta 
hitondfiil  to  be  mMMared. 

Whi-n  ix^rmatient  magnotjt  form  ]uui  of  a  tncaauring  ia)ttm- 
mcntt  they  Hkotild  bi>  nitulu  of  tlio  li(«t  magnvtio  stc«t,  mug- 
Dotuod  toutarftLion.niid  tliun  iiubmittod  to  moderate  rihnktioiiii, 
moll  as  tapptiig  vrtUi  n  [licoi!  uf  wood)  and  di))i>ed  in  boiling 
wAter  afow  tii»««  veMi  ttomo  dftya*  int«rral ;  iliiit  will  bring 
tltMB  into  tho  pnolicnlly  pcraianent  oondilion  tlii-y  tro  likely  to 
rctiiin,  uiilcM  Rubji'^tf-i)  to  inanpictJc  aLraactt. 

)7  J.  ^  uAemtid,  Kith  fofi  iron  etm  to  Iw  drawn  into  it,  makes  * 
•iiii|ile  and  oonvenietit  meter,  beat  suited  to  largo  oiirrenta,  and 
many  fitrma  oaa  be  deviacd.  Tho  core  oaa  he  auapondod  fVom  a 
a])riiig  baUnce,  aud  projwr  in^dtuitioi)  bo  offeoted  an  with  other 
iDatnimeuta ;  or  it  can  be  oounter|>riBed  and  slung  over  a  pulley 
fitted  wiili  iLii  iudci'X  arm,  m>  as  to  cause  a  small  vertical  luotion 
to  nxive  Ihti  iudex  over  a  large  apooe,  and  thua  give  ready  aab- 
divisitKi. 

37).  A  Kood  plan,  not  roadily  adopted  by  aroatenrs,  ia  to  put 
tlio  inni  into  the  lung  btilb  of  a  hydrometer,  which  is  plaocd  in 
a  closed  tube  ootititinine  a  suitable  liquid :  thiii  tuW  thim  forma 
tlMO»rv'if  the  otiil,  and  the  iiidicatioua  are  pven  l>y  the  length 
of  tho  hyilrduietcr  8t«iu  drawn  into  the  li'juid,  or  by  a  tmiuter 
attached  to  it  and  an  extonial  scale.  The  iron  may  l>a  a  hnudle 
of  wirea,  and  it  ahoutd  be  conica!  in  form,  Urt^ent  at  tho  top,  ao 
aa  to  prolong  the  pull  of  tho  current  and  etiiialize  the  dlvittona 
of  the  Boale,  by  llie  growing  mass  of  iron  acted  aiK>n  oom|>en- 
sating  the  dituiuinhing  pull  of  the  ooil. 

)74.  Balustic  Galvakomkters  are  uf  any  tyfje,  but  provided 
wiib  a  needle  having  so  much  inoi  tia  that  it  swings  alovrly,  and 
doM  not  Doniploto  its  tirst  awing  till  somo  time  after  the  undiog 
of  tbfl  tnomentary  curronts  that  nro  usod  for  measuring.  A 
woif^t  ia  often  attached  to  tho  noodlo  for  this  purpij^u,  biit 
tlwn  ahonld  bo  as  Itttio  air  rctiistaiico  to  motion  as  possible. 
Tbey  are  need  for  nMUurarine  tho  dLscharge  of  a  oondensar, 
or  the  induced  carreDt  at  break  of  circuit,  and  the  indi- 
uitiuna  are  proportional  to  the  sino  of  half  the  angle  of  the  Srat 
awing. 

J7S.  VoLTMirrKRS  are  simply  ^alvanomet era  of  hip:h  resistauco 
ir:i«rrted  as  shunts  in  Uk  circuit  they  an>  intended  to  measure. 
They  are  based  upon  Ohm's  law  nud  tho  proportious  of  E  M  F 
and  current  in  a  bled  circuit ;  they  require  corroction  for  teni- 
|ierature  if  accuracy  is  dwircNl ;  they  are  the  more  to  bo  t«\\uiL 
upon  the  higher  tbdr  rwiMtasoe,  aa  thev  ahould  noV  q.\Vk%t  ^X\tk 
oondliliaM  of  tiiv  Mai  drvnit  njiprcciabW,  u  l^ift^  4.o  yftwA 
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their  own  reHUtatioo  iIoeH  doI  very  groatly  exc««d  that  of  tfao 
circuit  tlitiy  ari)  uitcd  tvJUi. 

vj6.  Qrruak  Sii.TT.a  Wire.— For  purposei  rC(|iUriiiK  »  high 
ftuu  c-oiiHtant  rcniftlitnoG,  galvuiotneters  am  IjmI  inodoot  Gurrona 
silver  wirft,  owing  to  ita  un&ll  variation  of  re«btanoo  hy  Una- 
penttuK'.  But  uiH  only  relates  to  external  tempcmtnru :  as 
to  tlio  beating  eflucta  of  the  current  iUelf,  tiurmau  iiilvor  wirw 
JB  worse  than  topper,  and  tlicrefore  variations  in  the  mtio  of 
shuiitii  will  IJd  j;it=otc-r  with  il  than  with  cupper.  Cvroinn 
silver  iI1crc<i^eH  its  reaistanoo  only  about  I  as  much  an  copper, 
but  a  wire  of  the  same  eixe  would  have  i3  tiuiea  the  FeitiMtanco, 
and  theivforo  collect  in  it  n  tinica  as  maoh  heat  from  tbo 
passing;  current  Germansilver  wire  ia  most  useful  in  ▼oltaBietom, 
for  which  the  new  alloy  called  platinoid  is  also  nsefni.  But 
for  all  ordinsTV  purposca  irire  of  the  very  highest  condnolivity 
nhouM  be  empfoycd. 

577.  KtsisTAKCE  OF  Qalvasometerr, — It  ts  nsually  auie*! 
tlial  the  TCBistanoe  should  equal  that  of  all  the  rest  of  tho 
circuit.  This,  like  ihc  eimilav  slatemeDt  as  to  battorios,  ia  apt 
to  mislead.  ltcrittan<«  at  tarh  hut  nothiny  to  do  with  the  malUr ; 
it  is  always  a  disadvantage,  except  for  special  purposM.  But 
resistanoo  carries  with  it  the  nuniMr  of  turns  of  wire,  and  oon- 
eefiticnt  power ;  tUerefoie  in  a  given  space  for  coils  of  wirr, 
that  apace  should  be  occupied  by  stout  wire  in  a  circuit  of  snutll 
resistance,  because  fine  wire  would  ill  troducoa  useless  reeisbiDOe ; 
with  a  circuit  of  large  rcsistsneo  fino  wire  must  be  need  in 
order  to  get  suiUdent  effect.  But  a  fine  wire  infitruinent  can  be 
ntiliied  by  nif<sus  of  shunts,  which  divert  part  of  the  oDrrent 
frum  thoiu,  reduce  their  sensitiveness  and  also  thu  resistance  of 
tho  circuit. 

J78.  M&jlsueruext  sr  Chemical  AcnoK. — Faraday  proved 
that  when  an  electric  current  passes  through  a  liquid  (whether 
ftiscd  or  in  solution >,  the  substance  is  eopArat«d  into  two  parte, 
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tho  current  which  i-ffuola  it,  Theproceoa  oommouly  used  iji  the 
decomposition  of  diluie  siilphuno  Acid,  usnally  tvimud  tho 
ducuni  position  of  water,  because  the  ooustituent  gasoi  of  water, 
H,0.  are  sot  fi*o. 

379.  VoLTAueTEKS. — Instnuseiits  for  this  mode  of  mossvro* 

ineni  arc  thus  named.    Their  rortn  is  subject  to  itiSnite  variation, 

for  all  the  CMentiala  are  tho  two  conduolore,  an  outlet  for  the 

^Mwr,  ami  »  meana  of  mooanring  thiMo,  either  separatoly  or 

t^gotker.     The  drawbaok  to  theeo  t&stnwncinta  ia  that  they  not 


oa\y  pnaeat  a  co&«idet*bl»  retUUiKio,  bat  cmto  a  cannier  ttrflrt>- 
moliee  roro«%  wliioh  in  tho  com  of  gOMR,  nooda  It  furce  Q(|tu]  to 
o»u  (jtruvti'H  ooll  to  bo  uiu]>1»j'li1  solely  in  working  tho 
vuttatuutvr.  The  i^ootciciil  remittance  pmper  is  a  iiuttt«r  of  sizo 
of  pUtM,  wliick  miuit  bo  ])r«iio[ttiiniMl  to  tlio  ourrtut  llioy  iitxi 
iotendtid  to  paaa ;  this  •Miinut  Ixi  ountrollod  by  tihuntn,  bvOktuM 
of  thti  oouuler  E  M  P  wbit;h  boIa  na  »  variable  roiiistaaoe  iu  the 
cell.  For  genend  uno  tho  platen  should  bo  as  larfje  ua  is  oon- 
Tonisnt;  ]iUtinuDi  is  used  bvcauso  it  is  tiot  ucted  on;  c«rbon 
would  auswer,  but  for  its  tendency  to  aleorb  tho  ^ases ;  and  Ibo 
action  uotiwd  S  )i7  unfito  it  fur  u>e  as  aaude  with  ourruuta  of 
largo  density. 

j90-  A  simpio  furu  may  be  made  from  an  ordiuary  wiilo- 
montbod  bottle.  Two  plates  of  iihtiuum  with  wires  nttuchod 
•ro  mounted  on  the  cork  with  biaditii*  screws  outsido;  in  tho 
jDj^lo  of  the  cork  a  glass  tube  is  fitted  to  carry  off  tbe  i;iui  by 
□Mass  of  a  flexible  tube  toa  measuring  jar:  the  end  of  llus  tube 
vboold  project  a  littU  within  from  the  surface  of  the  oork  aiid  be 
cut  nff  Hlunting  so  as  to  icsiot  the  ingress  of  moistore,  and  tho 
oork  should  be  boiled  in  melted  paraffin. 

Jf  it  iit  d««irod  to  collect  the  two  guses  separately,  ihe  oork 
should  bo  fitlod  witli  two  i;laas  tubes  as  lar^  as  it  will  admit, 
and  going  noarly  to  tlie  bottom  of  tlio  buttle.  The  tiibcH  sliouhl 
be  loft  open  at  tbe  bottom,  aud  t-Ioaed  at  the  top  willi  a  cork 
fitted  as  before,  with  a  gas  leading  tubo  aud  astriu  of  platinum: 
thoM  giving  off  each  its  proper  gas  within  tho  tudo,  completing 
tho  liquid  circuit  by  the  open  ends  di]<ping  in  the  liquid. 

For  DX|>erim«nt6  with  very  Mu.tll  currents,  as  with  indiicilton 
coils,  largo  Aurfioos  ato  objectionable,  as  so  much  ^as  is  retained 
by  thum  and  iu  the  liquid :  for  such  occasiooB  a  wire  iuoluaud  In 
a  glass  tabe  melted  to  it  and  exposing  only  the  end,  in  uhliI, 
TluM  may  be  fixed  in  tubes  and  used  na  just  described,  or  botli 
may  be  passed  through  a  cork  in  tho  nock  of  a  amall  bottio  with 
its  bottom  cutofT,  in  which  tiro  small  test  tubes  can  ba  inverted 
ovoc  tho  oondoclon,  so  w  to  make  a  model  of  one  of  the  common 
forms  uf  voltamotOT. 

}8i.  As  b«foio  stated,  thexo  iuBlrumt^nls  aro  objectionable  on 
aooount  of  ihoir  great  imistaDoti.  It  in,  howovcr.  quite  posaiblo 
to  have  a  voltameter  which  shall  not  givo  rcsistAUCO^  bvl  shall 
b<;lp  tho  ourrenL  A  Smvo  ooll  in  to  all  intents  a  voltameter,  if 
w«  ocdleot  tlie  gas  givon  off,  and  nsccrtsin  how  much  of  it  is  duo 
to  local  aotiou  ;  tho  modo  of  eflooting  this  is  describod  5  i'^  :  a 
eell  for  this  purpose  should  bo  Urgo  enough  lo  transmit  the 
oarront  frvely,  and  ilti  oittlo:  should  be  closed  wli^a  uoV  \u  \\w 
•o  a*  to  kMp  tho  liquid  vbarged  with  gas. 
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]S2,  Wchavcnow  to  lenrn  wliat  tho  me3Eiir(>or  gas  givoo  o& 
t«Aoli(is ;  a  }ioml  wbich  elratrioal  writ^re  aaunlly  fail  to  cli>aT  up, 
kecauBO  tbey  deal  only  with  the  actual  mcasnre  itsi^lf,  au'l  baso 
upon  it  arbitrary  tinits,  as,  for  instance,  Jacobi's  niiit  orcurn^ut, 
that  wliich  in  one  luinute  generates  oiiocwbiccentimctniofmisod 
f;ases  at  o''  C.  and  7&0  mm.  baroraot«r,  or  a  cubic  iuch  «f  gaeoB, 

But  what  wo  roally  want  is  to  liiiow  what  mm*»re  of  gas 
ourxwpoDdB  to  snch  a  doBnito  vroigbt  as  fnmmbcs  tho  unit  or 
"ohemio"cnTTont;  to  value  iho  indicationsof  the  voltameter  as 
tlioee  of  gnlvanomcters  are  valnod.  Uy  the  Hystom  of  weights 
the  current  is  measured  by  the  numlwr  of  eqitivalcnttt  of  any 
feubelance  actod  on,  ascortained  by  dividing  the  total  weight  by 
tho  known  equivalent  weight.  Now,  the  sTitoin  of  meafluro  ie 
still  more  simple,  for  any  atom  ofnoimgife  istibKtanco.  or  still 
more  iiicliieire,  overy  molrcnlo  of  nuy  Hnlwlance,  simplo  or 
compound  (with  a  few  exceptionx^  ocnupicH  in  the  gnsooas 
utiitfl  the  same  volume,  no  niatterwWt  ils  weight  in.  What  wo 
want  is  the  relation  between  tho  r'^iiivnlvnt  weight  and  tliis  molo- 
cular  volume. 

In  water.  IIjO,  there  aro  throe  atoms,  all  of  cjiml  voliimo  ; 
but  as  to  weight,  hydrogen  being  unily  counts  2,  and  oxygen  by 
ils  atomic  weight  16,  makes  tho  molecule  of  water  1^,  which 
answers  to  two  electric  equivalents.  Onco  wo  hnow  then  the 
measure  or  bulk  of  1  gmin  of  hydrogen,  we  know  the  weight 
of  tho  Mmo  bulk  of  every  other  gas  of  known  o(uifltitiiti<>n. 

I'ho  host  mode  of  miunturlng  gases  is  bv  the  metiic  ^atem 
reckoned ato''C.tcinperntHro(fr«twiig)  nnd  "60  innt.  barometer 
(one  atDKwpboro)  oorreoting  toactnat  ten]|)cratiiiioiind  preMnro; 
bill  RH  exact  accuracy  is  nevw  attainnble  in  thin  itarlieiilnr  case, 
bocnutK!  part  of  the  gasoa  is  absorlwd,  it  in  near  Amitigli  to  taks 
the  average  condition  at  60°  Fabr.  nnd  jo  in.  Iinr.,  at  whioli, 
accordins to  Miller,  t  grain  of  bvdrogen  oocupien  4fi*7j  ciibio 
inchr-K,  woich  may  bo  coosidorod  tiie  unit  or  atomic  vattiino. 

Tlu'rvfon,  a,  chcmio  tniit  of  qnantity  or  enrrcnt  will  give — 
In  tho  Smeo  voltameter,  40'?)  cubic  inches  of  bydrugiMi. 
In  tho  dcnhle  voltameter,  46-7}  cubic  inchea  i<f  hydmgcn 

in  000  tube,  and  3)  *  ^7  0I  nxygi-n  in  the  otlu'r. 
In  tho  siDglo  tube  voltametftr,  70'  1  inches  nf  niixcd  gaW'K. 

A  tubo  of  glass,  Kuob  aa  the  ordinary  Mohr'a  aikaltmolcr,  can 
easily  bo  graduated  to  nituMiro  this  off  direct:  46*?}  Cl.== 
II 797  ■45  Jlnid  grains,  thortifore  a  tubo  containing  i  i-jij-Bgruinn 
divided  decimally  woold  ccjntsin  oue-teutb  5J  it  unit,  and  reijuiro 
OBobout  to  fill  by  a  ohi-mtu  ciuri:^>;^,.„m  ^  Smc«  voltameter. 

Ooo  cabio  iacb  l-eiiig  i^ji^i-j  cub.  oontimetrws  a  conlomb 
or  o/ootricifj'  or  an  «mw|^^^   current  tot  0^1  k^towA  (ptwcnio 
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X  V^^"i"  j^'^'^*^)'^!"''^*'"'"^'''''''''**'''  "007373, orUio  "*™p4n> 
b<iur,"  cubic  iucli«e  iC'^^  of  bydrogoni 

]8{.  Tke  beat  rotlaiMeUr  for  many  ntirpnwii  is  two  p]At(«  of 
oupper  in  a  oopfitiring  KilatioQ  ;  ur  a  l)aDi«ll  with  Bat  pUtc«.  in 
plaooura  aopntnto  coll,  will  sunjily  iiistoad  of  atworbiiig  vnvrgy. 
Tiie  weight  of  copjier  diviilcd  by  }i*7$  ^ivcis  Iho  niimtwr  of 
onita  nf  oloctric  action,  and  by  tho  proportion  of  time  oixtupii-tl 
to  tho  Unit  tiiim  of  tun  lionr«  giroM  tho  ctirrunt  in  cli«ukiCH.  In 
ttiia  way  tho  value  of  odo  or  mori;  lU-lloolionH  »f  a  galvanmneter 
OMi  b«  asoertoined  and  itogradaation  oflbotvd,  in«tcad  of  by  tb« 
(oimala  given  $  {J4. 

For  exact  evii'nti6c  pitrixim-ii  ailror  ia  iiBc<l  iiiittviMl  of  WMwr, 
in  a  Bolution  <•(  nilratu  of  Rilrer  15  or  20  piirtti  in  100;  anil  tlto 
priipr^oil  valui-  of  tliu  impiMc  ih  a  di^pooit  of  gntntmv  O'ooi  1 18 
■tf  ailviir  per  Bv*.»iid.  nhieli  luitkvH  tlic  nnip^rage,  ur  cjulomb, 
»^riii-jk'nl  to  "ooooiojjiB  in  (hi)  hydro^n  unit. 

{84.  MKAKUiiKMEKr  uv  lIiuTixo  Effkcim.— Wh(!n«ver  ciiirent 
panatm  tbrontfh  m  vt'm  it  nWtitA  u  certain  rt-sialunce,  in  uvi>r- 
oomttig  wbicu  tt(|niva]ent  ouersy  ia  cimvertod  into  boat,  and  the 
current.  thorof»r<',  i*  najiable  of  incMA'ir«mi'iit  by  this  lieuL  Aa 
an  illiistifttion  of  tin;  erruncoua  nalure  of  the-  i>lilt-r  ideas.  kucIi 
iw  tbnt  hc«t  it  1)10  two  Ktijijxuiod  <;li<ctricitii'>>  uniUii},  it  lutixt  liu 
nitdcratoud  that  thin  convcntiuii  into  luutt  nf  thu  onur^  nf  a 
pxlvanic  ctirrcot  doc*  nut  in  the  luut  rvdnoo  the  "  qnuiitity  "  of 
tb)?  electricity  ;  that  la  to  ny,  a  cniTOiit  uriaiuf;  from  tlio  fun- 
bnmp'ii'n  of  one  nnit  of  ziao  will  deposit  exactly  the  anino 
ipiaotity  of  copper,  vix.  one  unit,  whether  it  pasae<s  diruatly  to 
Ibe  co]>pering  vAl,  or  vrbethor  a  Inn);  fine  wire,  in  wbifh  boat  ia 
dovelupwd,  i»  aliM  interposed  in  tlie  circuit;  the  only  dilTerenoo 
will  bo  tliat  it  will  Uke  louj^r  about  it. 

j8}.  Kxpcriiucnt,  han,  however,  settled  tbat — (l)  In  a  wire  of 
f;iven  rMintADOO  (iKOoiinc  llio  variation  produced  by  the  heut 
itaelf  in  the  wire),  equal  c«rrenl«  alwaya  generate  tbo  sftma 
amount  iif  htnl.  (2)  With  different  currents  tbo  amount  of  heitt 
varieK,  not  in  the  ratio  of  the  currents  theniselvoe,  but  in  th« 
ratio  of  the  Ki|uaTiB  of  the  currents;  thus,  if  n  current  of  ono 
unit  pn>lacU9  in  a  ^'^va  wiro  one  heat  nnit,  tbat  is,  suflidcnt  to 
laiBe  »nG  |H>u»d  of  wulef  ono  degree  in  tcin|icmtuTU  in  a  minuto 
—  tb>.'U  »  curn-'Ul  of  two  units  will  prudnooin  the  wtrufour  such 
unitn  of  boat. 

Tbia  n  cxpreaaedrnfttbomatically  II  »  C*i:f;  to  give  the  heut 
develop«Ml  in  a  ctven  Cuno  any  fixed  vnlno,  a  coustant  which  is 
tho  heat  c>{uiv«T«ot of  the  current  in  a  nnit  rcaintaniV!  for  n  unilJ 
lime  (hucIi  ah  ono  second)  mu»t  bo  employed  villi  U\u  CoTmuV&v' 
for  v/liicb  twiS  416. 
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use. 


In  hcnting  wlreei,  it  ih  to  he  remeinbered :  (i)  tho  »amo 
eurrrni  will  hoat  an  inoU  or  a  niilu  of  the  Mkin«  wiro ;  thu  Icn/fth 
houtjed  in  any  givi'ii  ci>ii<litiiiiui  is  purijy  a  iiiiCAtiou  of  reslxtanoe, 
and  tho  force  vmnlDjodto  |<iinH  tliucunent;  (ij  to  h««t, «r]ually, 
tliickt^r  wiros,  tfw  enrrent  iiuihI  lie  incruiitiL'cl  aa  tlie  weight  of 
wini  per  font  inci'inK^H. 

Tliu  umiDgvniont  of  battcricH  to  pTodiioo  tlieee  tux)  elFcciM  in 
numlM-r  in  HcricH  fur  ibu  firitt,  largo  culbt  tor  llic  scc;cind ;  nnd  llio 
TOKisirinci.'a  and  oWlromotivo  foroca  uiUKt  tio  uirangud  sonstu 
prodtico  llio  rcitiuirwl  ounvnt. 

jB6.  C.iLonisiKTEBS. — TlioEL'littlo-iiiicdiDAtnimt-ntAarethormo- 
tnoterit  containing  u  plutiuiim  wire,  through  which  the  cuirxint 
linsses.  'njero  aro  two  kinds :  (i)  an  air  ihorinomctor— a  biilh 
with  a  &n«  graduated  etvin  cuntaiuing  liquid;  the  ])Iatiniim 
wiro  cruaiGa  iha  bulb  ;  ^2)  a  vuabl-I  cimtaining  a  known  weight 
of  A  iiou-oondnoting  liquid,  suoh  as  water  or  alcohol,  th» 
wire  {lasaes  through  thia  and  a  thermoiDohir  shows  the  teiniicta- 
tnra  gwionted,  whioh,  with  the  apcoifio  heat  of  the  lifjuid, 
givea  the  actual  hot,  exprcased  oa  a  quantity.  Thua,iraiiumid 
of  water  is  used,  eoch  lU-gree  reiircKC-nla  a  nuit  of  heat,  and  if 
the  reaiittAiioo  of  the  win>  la  i  ohm  the  caloulationa  are  wry 
eimplis. 

387.  Heitixo  EfTEOT  «POH  WiRiB. — Tho  formula  in  |  tS^ 
expreaaoa  the  heat  ua  (jiiantity  of  oncrgr;  but  niiuthirr  <KjnKiaui-- 
ation  ia  the  toin)iorature  to  whii-h  that  hi?Eit  can  raise  «|jarttculjir 
wire.  Thio  dejteuds  upou  the  wi'ighl  of  metal  iu  the  wire,  and 
the  reUtion  of  the  metal  itaelf  to  hi^at,  i.e.  its  spcoiBo  heat.  A 
general  formula  nisy  be  giv^-u,  not  ruelcoriing.  huwu%-<ti',  the  heat 
ItiBtby  radiation  aud  couduulion. 

C   ^  Current  in  auipi-rce. 
R  =  ItcHistnnco  of  wire  in  (dims. 
W  =  Weight  of  wire  iii  grauiuee,  see  |  jSj  for  gmEDB. 
a   =  Spocilic  heat  of  metal. 
n  =  Kieo  of  tcmpoiatui'o  per  accond  in  dMjreeB  Centigrade. 
-  3406;  =  CaloricA  equivalent  to  aupiiTe-acconds,  see  $  436. 

cr,  c».  11         ,      T  , 
=  deg.  Fahr. 


Then  n  =  •J'<P''*?-C'.R.   or  for 

W.  a.  copper,  W  in  giaina 


"Verv  full  infonuntion  will  be  found  iu  Mr.  W.  II.  Prei-ce'a  paper* 
to  the  Koyal  Society.  Dee.  22.  1887,  and  April  I9,  1M6.  The 
latt«r  is  iu  the  •  Kicctriviiiii',  vol.  xx,  p.  718. 

j88.  The  tfifrifie  hriU  of  metals  inoreoaea  us  they  ajipmach  tho 
pcott  0/  funion;    therefore,  platinnm  vorir*  Icaa  tbun   other 


3go.]  RHATnto  or  vma.  199 

'  and  joo*  0. 
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..      *  101 J 

..     -laiB 

Iron 
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..     -0611 

FlaUnoni 
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•     -OJSS 

..     '1015 

Lctd 

..     -0514 

tiniiliito 

■30l3 

1805  -I  7-9 

1OJ3  ^         10  5 
sioo  I         >a'i 

The  f}MnJic  ft«a(  0/^  alien  in  th*  mean  of  that  of  tlicir  compo- 
Bsnto,  kbA  »  uoort»in«}cl  by  mnltiplying  racH  i^iiccifio  licat  ny 
tlio  psruoDtoKO  of  tho  inotA),  itnd  clividiog  thv  Kuni  of  tbo  whulo 
hy  100.     ThM  only  hold*  gooil  &t  a  ili»tnnoo  fiom  tlio  malting 

fointB,   vrliidi  nr-i  umially  not  tho  monii  of  tho  constitut-ntd. 
lit  lowiT  ;  and  it  is  doutitfnl  if  it  applies  to  thoKv  nll<'y«  whk'h 
iiko  GrrmiLii  silTur,  differ  in  ii>Hi»t«iiCo  gnjdtly  fi  oui  tliat  of  tlio 

DMMUliL 

^fio.  Tlio  «fi«otii  may  be  compared  upon  t]iofiy«t«m  of  Bngliah 
Tv<'i^fit«  And  untt^taediB  tllOHO  page*,  by  (nktii);;,  lut  tbu  heat 
(••)itn-ikl(<iit.  tho  grain  instwcl  of  the  pound  of  wniur.  Tlicn  the 
worth  bf  th>>  ntiipAro  cnrrent  ii  6*6855  ^*^  grain degnx'KKnlir.. 
and  that  of  th«  (^tomio  [(;  •$!iy=  '20731  por  ecoond,  which 
fignrei  nay  1m  nxod  in  tho  above  foriutilRt  to  rcplaco  ■3406;, 
tlio  weight  Wing  i^xprriwud  !n  graina,  ineltiad  of  gramnios. 

Tho  k-ngth  iit  fcut  of  a  wiro  weighing  i  grain  per  foot,  which 
avvH  I  olim.  rouMlanco,  ia  of  courito  tho  weight  in  grains,  and  14 
^>r  cO|i]M>r4-B4^  and  for  pUtinum  'iSiS.andin  tlieso  diRbrent 
Ii-iigthti  or  wetgnta  etgtu)  aHual  hrat  is  produced ;  bat  it  will  Im 
founil,  when  tho  Kpocifx:  h«kt  la  takon  iuts  account,  tliat  very 
diffon-ut  lemptralure*  rviinlt. 

If  wo  multiply  tho  unit  hcot  of  curront  6-68^$  by  tic 
reciprocal  of  tho  arwcifio  heat  (that  in  i  -4-  iipccific  heat),  wo  got  j 
tboaainbGrof  grama  of  tho  ntetul  thnt  unit  l^-ut  would  niuio  I*! 
Fakr.,  and  dividing  thia  by  tho  length  of  tlic  grain-foot'ohtn. 
tinit  wiix:,  wo  get  th(!  aotnal  ri«o  of  torapcraturc  prodnced  in 
that  wire  fur  an  nmpvro  current  es  I4'  J°  for  copiicr  and  Tl<f  for 
{datinnin ;  thai  ix,  a  cnrrcmt  which  would  only  warm  a  gnnn-fbot 
copper  wire  alightly  would  rniao  a  ainiilar  plaliunu  wiro  to  • 
nd  neat. 

J90.  In  iin  experiment  with  such  a  pUtinnm  wire,  I  obtained 
tho  curiou*  rafult  tliat  thi'  loiw  and  gVLin  ao  balanced  each  otlior  . 
that  thn  tfoipiTalun.^  maintainoil  by  the  current  doaoly  oorro^l 
ponded  witli  the  calculated  riao:  but  uf  conne,  Viva  wvnsv&iaM)*" 
wo*  tuxiihataJ,  and  ooly  tolda  for  vory  flno  wire*. 
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The  luNt  Una  of  tbo  exporimeuts  illustrateB  the  f«ot  that  tb« 
lironkiiig  of  it  wina  by  t)ie  gaWaiiio  current  ia  uot  duo  to  pure 
fiisioii,  l)UU>cours*t  a  lower  tctniifrature.  Tho  vSeei  U  jiarlly 
nnnliigoiiH  to  the  tU-titructivo  utiocU  of  Upibtniiit;.  Tbo  fuaiuf; 
iHiiiit  iH  tbul  at  wbicb  tbo  vlbratury  molecular  motion  of  beat, 
■  19'  J""'  uvi-iciimed  tli<;  iittrautioii  uf  la^bciiioii ;  but,  if  cltwlrio 
tninKTiiiHHioii  iuvolvuA  a  imition  or  ruVdlutiuituf  tbu  muluculi^  it 
■H  obvioiu  tbut  tbid  elTuet  mimt  Ih-  uiUli'il  to  tb&t  of  beat,  and 
ilc!itri)y  ibu  oobtwiuu  at  u  luwur  (irmiionitiirc. 

^91.  CoUUMlB-3d[:tE&s.^TbLH  is  a  ikw  <>buut  of  incoauriiig 
iuHtrmnent,  oalled  into  exixtoDce  by  tltv  (liKtrilnitiou  uf  eleclricUy 
from  central  sources.  Tbey  ntgiitUT  tbo  quantity-  ufclcotiicity 
paasod  tbrouirb  a  circuit  iu  a  ^vuu  timo,  acting  in  fact  like  tbe 
fflM-meitar.    Thoy  are  eitber  cbiniiio<il  ur  mcKhiiiiica]. 

Tho  first  elcotriool  uic-t«r  [ircipoHrd  wan  of  tbu  oboininal  otder, 
anddeacribed  luinyown  patten t  of  22ndNovcimUT.  iS;8,tl)oiigb 
devised  Boverul  years  Iwfoiv,  ta  a  cbeuk  upou  tlie  cunsnutption  of 
silver  iu  ekctro-plating.  It  n-ua  butit-d  ujiuutbedeiHiHiC  of  metal, 
sucb  as  oopi«r  in  sulpbat«  of  fupi>ur,  aud  1  said,  "  I  use  two 
platMiof  t be  metal,  and  <-aTiHC  each  tu  bcounio  ftlternatt^ly  the 
anode  wbeu  tbe  other  plate  has  lostso  much  weight  as  repnseuta 
tbo  unit  of  cunvut  employed,  under  well  mulomtood  laws ;  and 
I  cause  this  cbango  of  directiou  i»  tbe  current  to  be  effected  by 
tbe  weigbt  of  inotal  passed  fmui  one  plate  to  the  other."  1 
di'scribed  tbe  platca  as  "  supported  by  spiral  springs,  or  in  any 
equivalent  manner  whivdi  will  puruiit  tnein  to  descend  and  riaa 
aooordiiig  to  tbeir  relative  weigblA."  I  showed  elootro-ma^ets 
mtb  a  riickio^  armatnru  between  tbem,  drawn  over  to  either 
v/d^   aocordiag  to  wjtioh  moguvt   wua  in  aotion,  and  tbcee 
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nugneU  nt  in  MtioD  when  Uio  doMont  of  ono  or  tlio  pUtotJ 
doacd  a  oonUet  fixed  at  tba  nmper  point,   Km]   muI,  "  thcMl 
pointH  And  the  ftnnatttra  thoreloro  conitittit*'  n  revertiuij  ahiiii^ 
taUfr,  itnd  otlwr  modea  of  cffcotiti);  tlw  ptiriHUK-  may  Ik'  niw.v:l : " 
then  "  tbo  motion  of  tUu  arinitlurv  in  cniiMn  to  Biuvo  a  rittclu>t1 
wliDol  oat  tooth,  uitd  by  thin  mokiw  U>  rocord.iD  well-uniloraUM  J 
mumer,  the  nntnlwr  of  raveniatti  »f  cum-iit,    each    of   wliirh 
represents kdcJlnite  <jtuiulitr  of vivolricity  njuuiing;'    1  iloMcril'iid 
the  itMof  ehaotii  toMndadufiuito  part  ol  thucurrunt  iuto  the 
cell,  utd  eaid,  "  the  eesentUl  pitint  of  thin  part  of  my  iuvciitiuu 
is  the  prodnotiou  of  iut>tion  in  a  aei  of  wheula  hy  the  agoiicy  of 
pUtee  of  iii«tal  alLeritatvly  diaaolved  and  depoiiitud  on." 

In  later  improveinunta.  1  uinp1iiyo<l  tliu  oim^ito  hydroetatio 
principle,  nsinj;  what  was  really  •  hydrometer  ounuecled  to  the 
oircait,  with  arrangvuu'iita  for  carrying  Utrffe  currents,  and 
enobUng  it  to  ring  alarms,  or  ont  the  work  oat  of  oircnil  whoa 
oonplete. 

59*.  On  37lh  October,  i8So.  Mr.  Edison  ]iatented  hi«  Vebcr- 
inetfiT,  which  difforcd  from  mine  only  by  uaing  plat«a  at  the 
enda  of  a  balance  arm,  itiatn-ail  of  on  springs.  I'ho  pUu  of 
mMcarement  be  boa  eiuployi'il  in  pracUce  is  not  properly  a 
meter  at  all.  Ue  allows  a  small  port  of  the  otiriviit  to  |uas 
lhroiif;b  a  pair  of  cioo  plates  in  a  »no  solntiou  and  the  deposited 
plato  ia  token  away  and  weighed  at  interTala,  and  the  oanout 
oomputed. 

}9}.  But  the  ch^roioal  principle,  though  acdentifioally  Uie 
moat  tniatworthy  tucssnra  of  current,  baa  vaiious  practical 
inoonvenicncee  which  hare  prevented  its  adoption  in  pmotice, 
sod  various  funua  bavo  been  deviaed  whion  depend  ou  the 
mechanioal  work  which  oon  be  done  by  aiagnc-tiu  actions,  or 
hy  tbo  heat  generated  in  a  wire  by  the  oiirreut.  Others 
iUToWe  clockwork,  and  integrate  current  and  time.  As 
there  ore  some  eook«  of  patented  instrumenU  1  cannot  pretend 
to  do  more  than  describe  tlw  principles  of  some  wbiob  havo 
some  special  choncleristics. 

394.  Aran'*  meter  is  the  type  of  one  class  of  metcn  ; 
Hsuifl.  Ayrton  and  I'erry  originated  thu  ftystt-m,  which  is  the 
alteration  of  rat©  of  a  pc-ndulum  by  the  influence  of  an  electro- 
magnet or  coil,  eneri^aed  by  the  current  to  be  meaaured.  Two 
exactly  liniiUr  pendulums,  connected  each  to  its  train  of  clock- 
work, a^-tiiato  a  diSarential  gearing;  giving  it  no  motion  as 
ii>ng  ap  they  awing  together,  but  moving  it  forward  if  one 
Btovoa  faster  tlian  the  other.  In  the  meter  for  alternating 
correnle  one  pendnlnm  is  a  line  wire  solenoid  {ottuVw^  (^VW^ 
%  neiaiaitofj  a  tliitat  to  (ho  oiroait  (§  joj),  tUU  Awm^'b'w'x^^u 


ftDOther  solenoid  carnring  tho  working  current,  so  that,  when- 
ever a  currtnt  is  passing,  tho  rate  of  tiin  peodulnm  is  incrcasod 
hy  the  pull  of  the  nlenoid  added  to  that  of  the  earth  which 
acts  apOb  both  pendulams,  those  being  adjusted  to  exact  equality 
when  carrentis  BOt  passing,  in  the  usual  niauner,  by  a  screw. 
The  readuif;  corrasponds  to  tho  inergi,-.  but  needs  collection  by 
u  co-«fficieiit,  not  always  the  same  for  laTgelydifliTiiig  ciimnts, 
nnd  which  has  to  bo  determined  for  oocli  instruiueiit.  This 
met^T  is  largely  tisod  in  G«nnany. 

Met»rt.  oiitlon  and  Edmondson  hare  mado  s  num1>6r  of  modificA- 
tions  which  simplify  tlio  instrument,  and  they  make  it  rend  in 
liwird  of  Trade  units. 

395.  OiamberhiTt  and  Ifookham't  may  be  taken  as  the  typo  of 
ftnothor  principle  in  which  an  electro-motor  engine  mcnsiirvx 
the  current  by  the  number  of  rotations  sot  up  in  its  armatuiu, 
Tlic  retarding  action  in  this  moter  is  the  currents  prodnowl  by 
magnetism  in  a  copper  disc  ;  in  other  meters  theso  ciirrcntii  iiro 
uflM  to  generato  motjon  ;  the  disc  curries  the  armaturo  win;  no 
that  they  rerolve  together  Ixitweon  tho  poles  of  n  magnet,  nnd 
the  axis  drives  tho  counting  mechanism;  mercury  contacts 
complete  the  circuit  of  tho  annnturo  instead  of  bnishw,  to 
diminish  frietion. 

Prnfe»Mir  Elihu  Thominon  has  constructed  a  m«ter  on  tho  same 
principles,  but  different  in  airjin^^'mcnt  ul'  the  parts. 

39G.  FfrranlCit  mctir  utilizes  the  rotation  which  is  tiroduo'd 
in  morcnn,-  vrhon  carrying  a  current  in  a  magnetic  field.  Tho 
magnet  i«A  i-ylindrieal  one,  made  of  sheet  iron  magnetiiiod  l>j' 
till)  current  to  1«  mvuKurnd  ;  this  is  carried  from  tho  centre  of  a 
trough  containing  movcnry  to  the  circumference,  nnd  thenco 
through  the  coiU  of  tho  magnet;  thiu  the  mercury  liiw  in 
the  magnetic  field  n-hieh  the  nirront  crosses  indiiilly  at  all 
parta,  and  i»  therefore  conipcllod  to  rotate  in  a  direction  de- 

Seiident  on  the  current,  and  thcrefuro  independent  of  that 
irectien  with  an  alternating  current  which  changes  the 
dirootiun  of  the  field  ami  cuirent  together;  a  light  uoat,  in 
the  inercnry,  is  carried  round  with  it,  nnd  movcM  an  axis 
driving  (he  ret(ister. 

Lifipman  deviaed  a  motvr  in  whioh  tho  propulHioa  of  mercury 
through  DapUlary  tubes  should  rcgiater  tlie  currvntH  passing  by 
a  cironlatoiv  action,  suoh  as  others  obtain  in  other  ttayt  \  the 
nieraury  is  Ufted  out  of  one  reservoir,  and  returned  to  it  through 
a  measuring  apparatua 

377.  Tarfrnf?a  meter  (which  some  have  attributeil  to  Elihu 

TbompBon,  who  has  done  sufficient  good   work  of  his  own) 

OMMwHs  of  a  (iiil^reutial  air  thermometer,  oom[)osed  of  two 


40I.]  VAKJOL'S  UETBRS.  908 

£^am  bnlbs  joinwl  hj  •  bout  tubo  contuniag  tocroDry ;  moh 
alb  coolaiiw  *  coil  of  wire  ixin&ix't«il  nltornnitOy  lo  the  cirouit. 
Tfao  air  in  expuiding  tliivvM  morcurj'  into  tbu  uthur  bulb,  aud 
CMUM  tbe  npparatua  to  tilt  over  cid  ua  %xui  till  it  clous  a 
circnit  rovcrwr  which  wnitM  tb«  ctitmit  to  thv  other  bulb. 
Tho  oflvct  Im  tbo  iamo  o»  in  my  iiiNtnimcnt  S  391.  beiu;;  due 
to  th«  boat  of  tbo  oarront  inittciul  of  it«  ch«mtcal  aoliau;  it 
Utomforo  mtiwiiroB  0D«rgy  luthor  thwi  ouiretit,  &nd  ta  »ppU- 
eaU«  to  allontatiog  ourrentn. 

)98.  Pmfiior  Forhet  hiu  doriaod  another  v«ry  besutKbl  m«ter 
dofwclttiit  on  beat  pradiiction  ;  »  circuit,  in  whiok  heat  is 
doTttlopod,  ia  arningvd  bolow  «  iiv*t«in  of  vanes  inoniitcd  on 
ma  ftxw  <lriving  tho  Tcoord«r.  It  is  pravlicftlly  »  wiudmill 
driven  by  tho  oonvectioo  ciirrttnt  of  air  produood  by  tho  beat 
ia  tbe  wirv. 

39Q.  JfeMr<./«U((  AujTiLhiodoHribodaiaeter  in  wbiob  the  beat 
derelopcd  iu  a  wiro  ounliuned  in  a  tnbe  iivtfi  up  a  riM&g  stn^^am 
in  liquid  oontaiuod  in  a  cloMcd  nyHtein  of  which  the  tube  is  a 
part :  a  vratAr-wbu«l,  drivcu  by  the  curront,  n-orkg  the 
recorder. 

400.  Schatlenbtrgtr't  metvr  iitilizue  the  nrinciplo  of  Tcela'B 
•ItomattDg  current  motor:  an  inm  diao,  whonQ  axis  ilrives  tho 
reoordor,  is  nunmtod  within  a  flat  oloeod  ooil  of  fiuo  wiro ;  thia 
again  U  ploood  within  anoUivr  flat  ooil  of  thick  wire  carryin;; 
Ibocnrrtnt  to  bo  mcaknrod.  Tbiacnrront  does  two  tbinKa:  (1) 
it  nia^vtiicii  tlto  iron  diwc ;  (i)  it  inducvH  a  current  in  the  linii 
wiro  coiIm:  tho  two  ciiIIm  Iwmg  ExvA  at  an  angle  of  45,  tho 
induood  ounvnt,  wbJrh  "  tii^rH "  a  ijuurter  period  behind  tho 

Srimar}-,  pnlla  tho  nu^nutiMMl  disc  louud.    Tne  effect  thoroforo 
eponda  largely  upou  thum!  aHions  iu  wires  and  iron,  wbicb 
oorrvapoud  to  inertia  and  uioineuluiu  iu  uiecbanica. 

401.  Matri.  Wright  A  Ffrranti  have  utilized  ono  of  tho 
many  ouriuns  rvaetioua  of  alternating  currents  and  aiagnct« 
which  hare  been  ol<iwrvcid  by  Trofcasor  Etibu  llionipBon,  manv 
of  which  will  no  doubt  be  turned  to  practical  purposes.  A 
light  inetallio  cylinder  is  carried  by  the  axis  of  the  rcoordvr, 
and  works  iu  a  a]>«ce  euibracod  by  the  curved  polepicooa  of 
laminated  iron  attaclied  to  the  laminated  com  of  a  vortical  / 
electro-magnet  These  iiole-pieoes,  or  homa,  are  "tlirottlvd," 
aa  it  IB  oatled,  by  liands  oi  copjjer  sarroanding  thorn  at  int«r%-als, 
in  which  curieuU  are  induced  with  the  accompanying  linca 
of  force,  aa  the  Bucooasive  maj^netio  impulsca  travcno  the 
imn,  when  an  allernatiu^  current  is  sent  into  thii  magnet. 
Tbe  littM  of  foroe  Mt  up  eddy  currents  in  the  metal  cyliuduc^ 
and  drive  it  wuml  by  the  repellent  action  vnK  u]^ 


401.  The  eompouwlini;  firinciple  of  shunt  djiutmofl  faw  Iwcn 
applieil  !■>  miLiiy  nf  Iha  itiHtnitiHMiln  <1o«CTiboa.  Odo  difficulty 
in  motent  is  tliat  there  is  the  mechnnionl  frictioD  to  be  OTorcomv, 
which  in  (if  groiiteiit  relatiro  im^>rUtice  kt  the  very  time  tJiftt 
tho  actual  work  to  Iw  niensMroJ  w  miiallcrt;  Mt  «  oonsoquonoe, 
tho  meter  will  not  rtart  with  a  vervFinrtll  current, nnd  prodiiouH 
nn  error  uf  an  iri'sgular  vmlno.  Tliia  is  overcome  by  a  closed 
circuit  wiri>,  doing  rwy  Actnal  work,  Init  nsing  only  n  very  ninall 
current,  the  resUtanci;  heing  ho  iu{just«<l  thitl  it  shiill  only  jujtt 
tvnd  tiisturt  the  motion  undt^r  theordinury  EMF  of  tho  circuit. 
Tilts  small  irurrent-,  in  fact,  detila  [inrcly  with  the  initial  me- 
chanicnl  ivsiatanco  to  mutton,  nnd  does  it  liy  pnidiicing  a  weak 
luagtivtio  field  independent  of  that  proilncod  by  the  working 
onrrent  which  is  to  bo  measured. 

40}.  PuiNcri'LEs  OP  MEAaLii;i:;Mi:sT. — Meiuiiroracnt  roitlly  mMuis 
attoertnining  how  many  times  n  fixed  unit  la  contained  in 
the  thing  to  1>u  niensured.  Originally,  no  doiilit,  some  familiar 
ohjet.'t  was  t.-iken  ilb  the  tttiit,  snch  a,*  the  uverag>:i  barlcy-coTD 
or  Homo  Ti'origniBul  "  st^me,"  ntid  thexo  arbitrary  weiKhtJi,  Ac, 
naturally  gnrw  up  tn  larger  ones  by  tho  pniceBs  of  doubling, 
generating  tlio  proecnl  sjetem  of  weights  and  mejeures.  Tho 
burden  of  the  oaletilaliotiH  thi-Se  iiiilJct  upon  oimmerOT!  muiit 
□Itiiiiati-dy  induce  evi-ii  "  practical "  f^Ngliind  to  yet  rid  of  ihom, 
as  the  more  generalizioj:;  French  mind  haHlotig  ago. 

Exactly  tho  samo  piooeaa  han  bei;n  followed  in  Hcionlific 
matters;  l>cforo  the  wliol«  aap"et  of  wiienoe  liad  burnt  upon 
the  mind  of  man,  tho  more  aalieut  phenomena  of  each  branch  of 
knowledge  woro  Grttt  observed  ;  aubseijuent  obKorvationa  were 
reforrod  to  and  com|>ared  with  theao.  and  thna  grew  up  a  set  of 
merely  ■'  pi'nctioal "  systems  of  mcasuremeut  basod  upon  isoUted 
fact«,  and  ovrn  worse,  expressed  in  tbe  confuaing  system  of 
oomraoii  weights  and  measures.  Hence,  in  electricity  wo  fasTO 
Huch  measnroB  of  action  aa  that  referred  to  in  $  }83,  and  many 
similar  ones,  all  based  on  isolated  facts.  As  electricity  aosnmoa 
tho  stalo  of  mi  exact  scionco,  and  was  brOQght  into  siibiectioa 
to  njathcinntics,  the  evils  of  this  systom  became  no  intolenble 
that  an  olTort  wosmado  to  remedy  the  nuisance,  and  an  organiiwd 
system  of  eloclrical  mossuremoot  was  duvi£«d  by  a  committee 
of  tho  British  Association,  which  after  aomo  modifloations  by 
scicntiSc  congrossos  at  I'aris  baa  found  general  acceptance  aa 
the  international  system  of  cloctrio  nieaauremcnl. 

404.  Unfortunately  this  system,  perfect  as  it  is  in  itself, 
retains  thv  original  defect  of  being  based  Tipon  a  merely  arbi- 
trary and  accidental  unit,  the  metre,  nominalty  a  fraottou  of 
tho  oiroumfcnmco  of  tho  oatth,  instead  of  seeking  a  truly 


•cictitifi«  HlArtinc-puint.  TliJit  ovil,  which  rnry  fow  poojilo 
erati  jol  CQmnrcti«Dd,  iit  ftiudogoua  to  tho  t^iirm  of  Iho  oIi) 
■KtrDDQiny :  it  looked  ut  lfa«  iinivtmKi  from  Uiu  utrth,  nn<l  tiicd 
to  kriugoll  tho  olxuTVod  luoUons  into  a  i<}'ittvin  ntiliordinUc  to 
the  orlh;  liviii'D  iiKistrioaMo  confiiHiun.  Ax  »oon  as  mail 
adopted  luttunj'K  ccntrr'  mul  ItH-ikod  at  llio  tiiiiver>o  from  the 
•nn,  kII  L'UDftiHiun  dtiuipi)C«iv<),  sni]  ptTW't  linrmiHiy  biiiI  «im- 
pUeity  wi^ro  ut  tmev  iirai«t)ti;il  tu  the  uIim-mct.  KxiK'tiy  so  with 
crery  other  »d«iioo.  When  wo  want  to  weij;h  mil  moMniie 
lutnrei  hot  foroot  uid  works,  we  oeght  La  l*kfi  fur  oar  anits 
MMMvnv irAiVA  »alun  htritl/ v»e».  Of  etl  the  sciiiiccti,  Lowover, 
ehemiotry  alone  does  this,  ntid  in  ooimqtioneu  luu  made  the 
moKt  ni]iid  iin)grc«i,  HJuoo  tJiis  plan,  otherwise  knovm  ■»  llio 
ftt^iinio  tlii-ory,  Uati  bet-ti  empluyed;  for  what  is  tho  ittomio 
theory  but  the  aabetitutJon  for  tii«  inuiinpivhfiitiiMu  niid  tm- 
ineanuiB  nlations  of  |30uud.H  weight  or  pint  iiieiixureti  of  mitttcr, 
of  the  idee  of  matare't  unil,  Ihe  atom  of  mailer  tcithotd  rrfermrf  to 
leeighi  or  tiit,  except  when  these  are  required  for  practiial  jmr- 
puaes,  And  then  escertMning  the  weight  of  each  furin  of  uiailiT 
which  natttie  has  put  into  lier  uuit  of  each  eleat-ut?  Uoru 
■dwMed  chemistry  han  fi>ntid  that  gaseous  toIuiuc^  rattier  tliun 
wei^t,  faroiahva  the  liivit  Hlitrtin^-[K>int  for  the  attxnie  syatcin 
Mow  Tolume  and  weight  ttru  n^luteit  to  c«ch  other  iu  tlie  niotri 
v^-stem.  hut  again  bj  the  purely  arbitrary  (though  pmotically 
ooDvenient)  intermediary  of  itater;  but  water  volume  has  nu 
nUtion  to  tho  luttural  atotnto  ayxteu),  whilo  the  volume  of 
giennni  hydrogen  has,  and  this  relatiuu  would  hare  fumialied 
lis,  eftor  eome  trouble  iu  defining  it,  with  a  iwrfect  uyntoin  of 
Doi  venal  measurement. 

I'hikt  britUant  eheoiist  A.  W.  Hoffman  eaw  the  value  of  biielt 
ft  rolattou  iu  ohemiatn',  and  proposed  as  unit  the  a-ith,  one  litre ' 
or  onliio  deoimotre  of  bydrogto  at  o"  0.  and  7C0  mm.  prewiureiJ 
weighing  ■069^  of  gratume.    Kilher  tbia  or  the  cubic  metr«l 
89*6  gnunmee,  would  funiish  a  true  uatunl  startiug-poiut  for  til 
geiteral  nyatem;  as  pore  gases  double  their  volume  with  a  fixed 
quantity  of  heat,  tlus  qoantity  would  bo  llio  boat  unit ;  as  in 
doubling  volume  the  weight  of  the  atmofiphero  ia  liltod,  that 
weight  would  be  tlie  work  unit ;  as  the  same  quautity  of  heat 
wotud  raiwj  Uie  giis  to  a  corlaiu  lemjierttture.  if  it  was  prevented 
from  expiuidiuK,  it  would  give  ua  a  scale  of  tcinpcraliirQ  (ii 
desirod,  one  Btarlint;  from  absolute  zero) ;  and  thus  wo  ehould 
have  tho  aalural  reiatiou  of  heat  end  work  in  one  nnil,  related 
also  to  the  energy  absorbed  in  cbemical  and  molecular  ohanges. 
Bot  beautiful  as  this  eysleui  would  be,  it  is  now  uuatltkvwbW, 
■nJ  weoiati  luaio  the  beat  of  the  s^^ietem  at  out  du^oeiik ',  Vi> 


ehoiilil  lion'Ovcr  bo  iiiMli>r«tood  thnt  it  U  tli\»  fiiiKlnmcntii!  <loroct 
of  till)  ucooptod  tiyslom  whioli  has  comjmlksl  nw  to  uso  my  own 
or  tlio  "ohomio"  nnit  in  tliiH  work  wborerer  I  havo  dccirod  to 
mnko  tlio  tkatuntl  rQlntiout  of  cWtt-ifity  iiittiUigilile,  I  have 
not  rotaitioil  that  nait  for  any  fanciful  ruuoon,  or  Iwotusc  it  ia 
my  own,  but  vinijily  bttonuM  I  oould  not  exohuigo  it  for  tha 
amtK-ro  without  wholly  destroying  the  npeciial  fouturo  of  this 
booK,  rix.  the  treating  deotridty  aa  a  natural  forco  oonnootoil  to 
the  ocguivalent,  molooulnr,  and  atoinio  couatitutiuii  of  itiattor, 


but  they  ei6tve  a  purpooe  the  aooujit«d  uuita  do  not  fiildl,  and 
furiiidh'conMlujita  foi'  (;oiivtrliu};  these  unit*  iuto  elMtroly tic  vrork, 
fi>r  wbiub  ].utrio«ij  probably  it  vfill  yet  bo  found  n4.-a<iir!aTv  to 
add  ooTreapoiiuing  unilA,  on  tlie  baais  of  the  gramme,  to  thv  B  A 
ayHtom. 

It  uliould,  howuvcr,  lie  i:l<.'«rly  reoogoised  that  the  aoccptinl  wyt- 
toin  is  aUo  a  natural  i>n<.i  in  thla  aenae,  tliat  it  ia  baaed  upon  energy, 
while  it  ignorw  Il)ntt>^^  ittid  ita  constitution  ;  ouergy  oaii  bo 
moaeunxl  by  any  nrbitmi^  unitit  of  luatiBi,  ajtocei,  and  time;  iho 
miHrortiiiic  18  that  tho  nnit  of  ma^a  ia  not  an  at^)iui<;  unit,  and 
cunifoqucntly  tho  durivvd  unit  of  olectrio  quantity  and  current 
U  not  oorrefatod  to  the  ohemiual  ayntem  of  naturv,  cxooiit  by  a 
fraotioiiat  fignro,  tlu:  coulomb  and  umpire  eluutiiilylio  valuei. 

405.  The  B,  a.  Btstkk. — Tbia  may  bo  studied  ou  two  plana, 
tho  Ihforetiail  and  tho  practical :  tht*  latter  buing  dcrivod  front 
tlio  fimt.  It  i»of  great  imporlanoo  to  oleurly  uuderataud  butfa, 
aud  their  rvktiou^  but  tbuy  constitute  two  distinot  ajratema, 
and  many  ptrnpti;  can  oloaily  undt^rstund  and  employ  tho  pno* 
lical  M,TOlem  who  find  the  theoretical  one  wholly  beyond  iboir 
compreheuaiun.  1  shall  iheroforo  endeavour  to  so  preni-nt  Unj 
subject  as  t<i  keep  the  two  eystems  distinct,  while  exhibiting 
their  relations,  Tn«  mathematical  eiprcesiou  of  the  pheuomena 
of  electricity,  known  nn  Ohm'*  law,  is  now  tmivoraally  aooepted, 
and  tboroughly  snliofiu-'tory  ;  it  in  cntir«ly  independent  01  any 
theory  wliatowr  aa  to  tlie  nature  of  electricity,  but  merely 
esprMHCM  tlie  conditions  of  tho  obaorred  favta;  and  to  do  this 
embodies  them  under  certain  heada.  The  fandamontal  idea  is 
that  a  forte,  bo  it  what  it  may,  produoea  the  obaervcd  olFecta ; 
this  force  is  ooucemcd  in  nil  operations  of  mechnniw,  ico,,  and  in 
electricity  is  reprceontcd  by  "  altmction,"  S  S^.  Ita  ncooattary  firat 
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Obok's  formiittG  hy  E.     Thin   U  o|ij>ot(«d  by  th«  vftrioui  cir- 
cniufilJinc<OH,  mokcular  ojuHtriKHiou  of  11m>  <alwtaDcc«,  iDxnla- 
ticn,  Ac,  all  uf  wluch  aru  einlxHliud    iu    Uio  general  tormg 
"  renistuDoo,"  ajuboltzed  by  It.  i   171,  whioh  mgain  limply* 
■ipcMSM  n  laet>  bat  no  theory  wlutervr.      The  raiilt  is  action 
mCACUTcd  by  Ike  retatiou  of  tlieae  two,  and  ootlcd  "  qmintity," 
Q;    uid   wb<iu    time  ia   taken  iuto  oouaitlemlion   it   buootncs 
**  ciirront,"  or  ijuantity  iu  a  t;iveu  time,  aymlxiliscd  by  C.   Thii 
w  oftun  culled  "  iiitensity  of  oorreut,"  and  symUtliud  by  I : 
tfaia  moDgrel  tenu,  derived  from  tbe  Iranalatora  of  tlto  Prondi  j 
phnwe  "  int«iiait£  do  courant,"  Btrtuglli  or  auiuuut  of  ciirrvnt,  I 
Itmim  to  ^at  coofiuion  of  ide«8,  bmrituso  iuletuiity  bus  ■»  tbaJ 
attriior  Sneliab  books  it  distinct  moaniu^;  wbidi  curniijxHKlH  to  I 
EliF,  aod  Mtt  DO  cODOectioD  witli  Ibo  current  or  <iuaiility.  Tbtifl 
object  of  tbe  B.  A.  eyBtem  i»  to  fmniah  a  detintd  iiuit  for  OMb^ 
of  tliwe  inathemstical  eii>rMUons,  ao  tlwt  all  tbe  aotioua  of 
t)l«ctrtc!ly  may  be  c*pablo  of  exjtot  definition  aud  oumijarisoa 
with  tiuioluuiical  work,  J 

406.  Abhilutk  Uxm, — A  aystem  of  abeolute  nitits  ia  ono  1 
which  ioea  not  cotwat  of  ftrbtlmry,  independent  uieaeiuvs,  but 
it  baaed  upon  m«aBuree  which  an>  common  to  all  kinds  of 
opOTKtions ;  upon  tbe  fundameulal  elements,  time,  lengtb,  nuua, 
Ao.,  wkidi  enter  into  all  phyaical  opeiations.  Any  units 
might  In  used,  aaob  as  tbe  foot,  poond,  aeoond,  and  for  many 
purjioMa  tbc«e  aro  v«ry  co&Teoieiit  and  bare  to  be  used:  but 
for  aystomatio  porposea  tbe  aecenity  of  iho  caae  limits  un  to 
Boutf  form  of  tbo  "UMtrio"  system,  which  mnst  iu«vitabty 
•npenede  iu  tinto  all  other  ByEtoms  of  measurement,  even 
though  tfaeaa  Uttormay  bo  proved  to  have  points  of  superiority. 

^cq.  Fc!(PAME:tTAL  UsiT^ — Before  entering  on  the  eb-clno 
measures,  it  is  necnaary  to  nndoratand  the  Reneral  system  of 
which  they  are  a  branch,  'i'ho  fiindamontal  oTementa,  of  wbiob 
otiit  roeosnrvs  arc  rc]iiin->l.  aro  Li'uglh,  Timo,  and  Mass ;  of  the 
firat,  two  nuits  arc  cmpluyod,  tho  motro  and  tbe  ocutimetre. 
Tbe  first  luis  many  adraDtMua,  but  tbo  mcnnd  ia  beiog  forced 
into  use  by  tho  matheniaticmna.  on  tbo  ^ronnd  that  tbo  cubio 
ooatimetre  of  water  rnriiisiliciA  the  unit  weight,  tho  erammc.  As 
it  haa  been  fully  dovulii[H.'(l,  and  it»  units  h^vc  rocoirod  dclinito 
aanieo,  tbo  contimolre  ayttcm  will  bo  uaod  hero.  Nome  tbo  leaa 
it  is  a  aorknis  inoonvenicnco  U>  proctioal  scionUfio  m«n  that  (be 
metre  bae  not  boon  ad<ii>t(;d  m  the  unit  of  lonstfa.  EngHxh  men 
of  BcieDoo  haw  gnulualty  aocnvtomed  tbomaiMToa  to  uu>  metrio 
mnaimrnn  and  tho  vnrioiui  units  based  upon  th«m,  and  stndeitta 
berin  to  undcratand  wliat  is  meant  by  ft  gnntmo-m«m  tA  V^ ' 
unit  0/  WW*,  atjil  tb6  calory  aa  tbe  unit  uf  hoat,  ftn«V  no-w  ^to^ 
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arc  being  puezlod  afreBh  by  a  new  syefom. 
uiiila  are : — 


[♦08-! 
Tko  fdudaawDtal 


Xj,  Tjengtli 
M,  Moss 
T,  Tims 


I  Ci-nliiaelre ; 
I  Gramme; 
1  Second; 


from  which  it  in  ciilUid  Uio  ovnLimotro-graiDin&-HOCOiid,  or  C.G.S. 

408.  D^liivcn  Uxir*. — Frrtin  thiwu  iiro  licrivoJ  tho  ^iioml 
mwlmnioAl  itnitit:  of  motion,  ivhidi  U  length  tnivwr)M;i)  in  nnit 
lime;  volooity,  which  i»  biotioo  in  nnit  time;  momontntn,  which 
i*  miiM  luiving  nnit  velocity;  force,  which  is  a  gonornl  ox- 
proMion  for  any  ciiuiw  wliich  generate*  vrlnuity,  but  for 
Hytitomntiu  purpiMM  is  ilelinMl  ntt  tho  cansu  of  "  nKimL*ntiim  " ; 
mid  wi>rk,  wliii-h  Ik  thu  vnirrgy  du«  to  tlio  nctiun  of  tho  foroo. 

Hondo  wo  huTo  tho  following  iinitB: — 


V.    Velocity    l  t- T 


t  WTntJmctro  per  Bcctmil    — 
dittfi  in  I  gTBRune        .,   Dyne. 


W.  I  ^-^^k^  j  L»  X  M  -i-  T'  ..    I  dyno  id  1  centimetre ..  Ei^. 

Wo  BOO  hero  tho  connootion  and  tho  distincHon  hotwoeD  Forru 
and  Kncrgy.  S^oree  in  measured  by  tho  vdorily  it  iwtB  uj>,  tliu 
vmiifnUim  gen(?rikt«<l,  thoroforo  by  length,  L :  ftiergy  is  moiieTir<>d 
by  the  njaare  of  Ihn  ecloeil]/,  the  vis  viva,  thoruforo  by  L*.  lint 
while  unit  foroo  and  unit  onorgy  aro  tho  came  valuo  (onu  oanso, 
the  other  ofl^Dot,  ottoh  oqunl  to  oaoh),  foroo  and  nioiaotitiim 
iiiorcwio  in  the  rntio  of  Pc/ociVy  or  I.,  whilo  cnurgy  or  vis  viva 
incronso  in  tbo  ratio  of  tlie  tquare  of  trlnfiti/  or  L*,  which  mcAiiB 
tho  anthmctical  jiroduot,  not  tlio  M<itmro,  in  tbo  bohho  of 
•'  area." 

409.  GitJLvrrATiOs.— Tfi  undonrtand  thcs«valneit  it  will  bo  well 
to  com|>arv  tJiom  with  the  familiar  t«ritis  Iiiuiod  on  gmvily ;  for 
gravitation  is  the  only  absultito  nuturol  foroo,  and  as  it  is  oooetant 
in  iU  oporfttimi,  it  ^neratca  not  only  a  "  velocity,"  but  also 
"aooolenition,"  that  is  to  *ay,  the  moving  body,  retaining  at 
oach  inntant  ita  aajnirMl  velocity,  ikMh  to  tliLs  tlio  gruwing 
vcWity  due  tu  the  force;  but  in  dealing  with  tho  energy 
involved,  thu  actual  velocity  at  a  given  instant  only  is  oon- 
sidervd  ;  regarded  aa  a  force  in  thu  abstract,  gravity,  g  imparls 
a  velocity  uf  }a-a  feet,  cr93i  ocutimotroa  poraooond.  Uogardod 
/M  a  unit  force,  it  Reuemlea  this  v«b)city  in  a  maw  of  ono 
gratumo.     Thin  ia  however,  oorruol,  on\y  Bcat  London,  for  foroo 
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cfptfitfttion  (tttKm  tlio  earth)  varicN  accxinJing  to  tho  <]iRtatioe 
fron  Uiu  c«tttTo  uf  thu  "  nuMa  "  of  tho  oarth  ;  at  tho  ixinator  it  ta 
9l8'iaat  latitti<)o  4^"  it  in  980*61,  at  tho  polos  96}' u,  th«(io 
boing  v«]odtio»  iu  ooiitimotros.  Taking  tho  t«Iuo  in  Bn^Unti 
•■  jBt,  the  fttrco  of  gravity  oqtiala  981  dynos,  or  t'.GJj.  units  of 
tm.  Tho  uctual  forco  of  gravity  tit  any  part  of  thu  oarth  ia 
UttHainwl  by  tho  followine  fonnuU:  jr  =  o79' 1018  K  oo«in« 
JA-  -cooooik.  in  which  X<lcnotiMtholatituiioandAthohvight 
in  otetimetn^s  of  iho  plooo  abovu  Mft-lcvaL 

410.  Tho  *iy  may,  ihoivfon;,  be  ooiuparod  with  th«  ootnnion 
B«olian!cal  nait  of  work,  tho  fuut-gKinni],  hecniiM  tho  ft.-l)>.  in 
t^nuau tiling  M  i}9'i;  graminu-inotnM,  or  oxpr<«a»:l  in  O.G.S. 
rj9ttm  »*  I  j9  J5  Mntigrainmo-molnHi ;  then,  if  wo  tako  gntvity 
f  wei|iMl  tu  981  (lymii  in  thia  xyiitcin,  wo  linil  that  thcoidinary 
IL-IL ia «i)U»l  to  iJoC-t.^i;  nrfft.  ShcIi  i>  ligunj  ohiiwii  at  ono« 
that  Ibia  Hyal'iin  in  n^ally  uilnptuit  imly  to  ininutu  m<.-iuiurL- incuts. 
Til  get  rid  I'f  thr  niitn<^rcitm  ligun'H  inrolvuil.  a  nliuiili-  •yatcni  of 
nittng  I*  nili>)ito<l,  anil  tliv  oIhivi'  ligntvK  winilil  bu  written  m 
l'}0  X  10'  or  i}>€x  10*.  and  muotnr  thooalnalaliims  invoU-iH) 
am  Uiiu  ntduiMd  to  the  alti-nttion  »f  Iho  imU-x  fii^un-it.  ttniiltiiig 
ih  loM  of  Avcuraoy,  lwcaii>u  only  TLXiml  niiinlwrH  iiii-  uwd,  and 
fracfiona  thninii  utiL 

4il.  ThiH  Hyiitrin  is  IjCcoming  ao  ooiumon  hi  clL-ctHcal  and 
tcicatifii;  wurkm.  tliat  it  may  Iw  vrall  Id  vxjitaiii  it.  Thi;  inJux. 
»•  ill  logaritlmis,  aiar  bo  j)o»i'(ur,  Bigiiifying  llio  "power"  — 
that  ia,  thv  nnmlwr  of  tonx  by  which  tho  figure  in  U*  bo  niiil- 
tipliml,  or  ii(ijr<i(ir«, aignifying  tlx:  nainlivr  nf  tens  by  which  it  ia 
to  Ui  dividi.'d;  Ihita  thu  nvgutivo  index  wrillen  with  a  diuJi 
tvpnamu  a  decimal /raetkn,  and  wu  have— 
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a  millionth. 

b  loot,  tho  iwaitivo  ind«Zi  aa  in  logarithms,  is  ono  1«mi  than  the 
fli^liiee  rvprvaculiog  tli«  nunibor  ;  but  tho  nogativt:  indox,  iinlika 
lb  lonnthniic,  is  tho  number  of  Sgiirca  rvprutwutiug  llio 
daeltnu  when  written  out. 

41  J.  Iniiajningthcs>^  valiioa,  woarobnnU<]ifd  withabarbarotu 
MDeoclatare ;  thus,  n  million  or^  la  calk-da  ui^gerg  or  an  eiig- 
•is,  and  m  uii,  adding  thoind«x  niiinlji-r  to  the  name  of  tho  DniL 
fmhor,  Iu  eltictrie>»>-.  w«  have  tho  pr«6xCB  mega,  ApvX^'jVu^  a. 
t^'ua,  as  t/tP  megtt-vaU  or  DK^-ohm;  Aod  micro  *\ipi\^ywv%  * 
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luilliontli,  DK  tbo  inloro-farikil,  bcoides  the  onlltutry  prefixes  of 
tilt!  metric  Hj-»tcin  of  in«asurefl. 

41}.  Ei.BcritlCAL  UxiT^—In  till  inuMunMncintK  woneodftaop•- 
^IlLi^llta^tiDg•poillt(lr"Ultit"  furcaoli  tircU'Tof  thingi>,tlioilgh  Uimo 
iroitti  may  DO  (Ivrirnble  rrnm  (lie;  fuw  fiitiilnincubi]  iitiitit — tlm!i, 
from  tho  unit  Iftigth,  i  r^ntimutK;  (<ir  metre  ur  1<  c  t,  iis  may  Ixi), 
y/e  dorivo  iinH  area,  tliu  nquai'o  cuntJinotru,  &c,  iiiid  fruui  thin 
again,  unit  eoliini^,  the  cuhiu  ceiiti metro,  &c.  In  liku  inanntT, 
each  nmrate  coitueption  or onlor  uf  facts  Id  cleotricilv  h'lliiirceft 
unit  of  its  owii,  nni3  the  Bystotn  i^  Aimilur  to  that  i>f  tiio  mechani- 
cal units.  Here,  also,  wo  ittart  from  a  "forci-"  gein-r^tiiig  (i 
vvluuity.  We  can  now  ruplacu  lliu  attraction  of  gruritiitiott  by 
two  diHtinct  attractions  of  eltictricity.  We  bavo  the  foroo 
ex<.-i'tuJ  by  nn  electric  "cliarge,"  S  89,  from  whiob  is  derived  an 
ultfctruBtaticitystumnf  unite  ;  Miil  wo  have  the  attract  iuusexrrlcl 
by  an  elcctrii;  "  ciirrent "  upon  a  magnetic  ]niJe,  or  upon  niiolbcr 
current;  this  ftirni»heR  the  ek-ctro-mitgnelic  ay^l«m  of  units. 
Tho  static  systi^ni  lias  l>evn  exauiiucd,  S  S7,  and  ilaea  not  coll  fur 
lunch  attention.  Tbo  unit  of  tho  magnetic  KiF-atvm  ia  boMid  on 
the  unit  magnetic  pole,  which  isonu  whichrvpeba  similar  i>olc, 
DDo  ocntimelre  distant,  with  u  force  of  oiiu  dyu«,  S  150.  Tho 
iniil  elci;tric  current  is  that  which,  in  (iii  aro  of  one  oeuiiiuetre 
length  of  a  circle  of  one  centimetre  radius,  will  repela  unit  polo 
at  Its  centru  with  a  forci?  of  cue  dyno.  The  unit  current  would 
also,  in  u  length  of  <.>ne  c«nlimeti'e,  rt-pel  a,  similar  cunout  stl  a 
diatanoe  of  one  centimoiro  with  a  fot'oe  of  one  dyne;  that  ia  to 
Bay.  Buob  a  leiig'h  forming  an  arc  of  a.  circle  of  1  coDtinietre 
radius  would  produce  a  unit  field  of  force,  §  143.  at  its  oentre, 
and  more  genernlly  a  current  C  in  a  circular  an;  producea  a  field 
equal  to  C  X  length  of  arc  -i-  square  of  radius,  from  which  are 
derived  the  fiirmalro  i  354. 

The  easiest  method  of  forming  a  concrete  idea  of  thcBO  forcce 
is  to  conceive  a  eprinf;  balance  adjusted  to  carry  a  weight  of 
^,  of  a  gramme.  Any  force  which  strains  the  spring  to  that 
poiot  is  exerting  unit  force.  Thus,  if  a  magnet-pole,  one 
centimetre  from  another  magnet-pole,  required  the  Kpnng  to  bo 
elrat^'hed  to  that  point  to  resist  motion  (that  is,  to  maintain 
the  centimetre  distanoo}  a  force  of  one  dyno  would  bo  exerted ; 
or,  if  tho  biilauce  ivere  graduated  to  successive  increments  of 
that  value,  it  would  indicAle  the  numl>er  of  '■  dynes  "  exerted 
by  any  force.  Tho  ultimate  idea  of  force  is  preuvre  op  tenriea, 
attraction  or  repulsion,  really  in  unit  degrees,  bnt  for  purpoaca 
of  calculation  expressud  iu  relation  to  mass. 

^14.  The  two  systems  of  units  are  related  to  each  other  in  a 
ratio  expressed  iu  the  foriLuIw  as  v.    Tbo  actual  value  is  not 
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esMoUy  known  ;  bnt  it  is  iii(«n>etin|;  for  two  K«80t>8.  It  h«s 
been  cx|«rimt>atAll}-  deteriniiied  by  aeveral  ominfiDt  eleotriotitnH 
by  <lifl'uT«ut  prooeswH. 

Wober  and  Kolninsch     ..  }I0'74  ^  l^*  "•"'•  pcf  »Ocon<t 

t$ir  W.  Thomson      ..      ..  38i>5  „  „ 

n        Kaolher  nodo  29;  •  „  „ 

ClorkUaxwell 3B«- 

Ayrton  A  Vam       ..      ..  j^S  " 

Froreeeor  Itowfaod  . .     . .  299* ; 

Profenor  J.  J.  ThompBon  199 'JS 


Avcnf^ 
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Str  W.  TbumnoirH  lat<>iit  lictertninetion  ia  stAted  to  bo  wiitiin 
balf  ]>er  cent  of  }oo,cco  kilometres  )>it  eeoond.  Thcee  variit- 
tiona,  tlioneli  unt  IttiKV,  tibow  (lik«  tbe  differcDl  values  fountl 
for  the  ohm)  tliiit  while  matbcmaliciaiis  work  out  th«ir  formulie 
to  the  extrcnient  iik-L-ly,  tbo  daU  arc  l>y  iit>  inoaiis  si^ltlod. 

Tbeotli«r]M>iiit  of  intereet  is  that  tliis  ratio,  which  is  roatiy 
ft  velocity,  is  np|mrontly  identical  wiUi  IhoA'elocity  uf  light — 
the  Tarion*  lU-umninHltons  of  which  nn^  over  much  the  Btiiuu 
valtMH  an  ihu  ul>orf.  Much  Ktieca  i>  laid  uii  thU  by  the  advocatc-a 
of  Clcrk-MnKwcU'ii  aogratJon  of  the  identity  of  oalurv  of  light, 
electricity,  and  inagnotuon. 

41;  DiMKXUOKt. — 't'hu  TalncK  of  the  vanoiis  units  of  tho 
syntem  an,'  derived  from  OKiiaidonilicni  vlaoBcd  iindiT  the  name 
of  "dimoDiiiona";  dcrivatitiiiti  in  fact  fix»a  the  unit  length  L. 
iDaiw  BI.  and  time  T;  which  dimunaions,  therefore,  are  alike 
apldictttilo  to  any  actual  valued  giviui  to  those  tmita  in  any 
By»tvm. 
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4 1 5,  Tlie  units  thus  oaoortained  Tq>rc8(-nt  each  tta  own 
iiaa,  thing,  or  action,  as  skowii  hy  tlio  dimotisioiia  wliioh  r«]>re- 
trnttt  thtfir  valuoa,  but  tUo  aynleai  isao  ielat«d  that  w«  niajr  aotually 
troat  them  as  thoa]!;li  they  were  all  oiio  absolute  uuit,  repnaont- 
ing  all  funuB  of  force  and  euorgy,  oauB<\  ai^ucy,  and  eflbot ;  we 
may  multiply  aud  divide  tbem  by  each  other  as  though  thoy 
were  abatnirt  uumbors  merely,  intitcad  of  coucrote  thin;^.  In 
the  first  edition,  this  feature  of  the  s^  stuiti  was  bo  much  dwelt 
upou,  that  some  readers  overlooked  tUu  fact  of  the  iuhoient 
differeucoH  iiiuonR  the  units,  which  hss  induced  me  to  point  it 
out  more  pai'ticularly  bow.  The arithnietioul  uuily  of  n-lation  is. 
ill  faot,  the  great  advautu)^  of  the  use  of  an  absolute  unit,  and 
it  rtsulta  from  the  finidaiiiental  priiiciple  of  the  system— viz. 
that  a  unit  forte,  aetiug;  iu  uuit  time  and  unit  mass,  will  produce 
a  unit  effect  or  o|ieiation,  and  ex]ieud  or  jiroduou  nnit  eneri^  in 
some  of  its  uiauil'estatioiis.  Tberefure  the  r.itios  or  actual  volunt 
iif  ihtt  unitit  tliotusL-lves  aru flxcii  by  this neooMiity.  Startiu)^  fiom 
any  two,  tho  rc'st  follow  of  courwi. 

j'his  ix'Ution.  in  faut,  involves  that  unit  quantity  Q  must  yiaaa 
through  the  unit  conductor  (miscalkd  r(wintauci.'j.  It,  in  nnit 
lime,  under  thu  influence  of  unit  K  M  V  or  K,  tonn  lit  tiling  unit 
nurrent  (.' ;  and  in  doing  so  must  expend  unit  energy  upon  unit 
work,  and  bo  oapablo  of  boinj;  alor>^d  in  a  ri:u(iivcT  of  unit 
eaiucity,  and  of  exertiug  uuit  furcu  upon  a  unit  pole  or  current. 
Hence,  all  beine  alike  reprenunteil  by  t,  and  being  all  intvr- 
rolitted,  there  Mlows  tlio  fuet  nicntionod,  that  wo  can  treat 
titom  as  simple  numbers,  without  n-gard  to  their  actual  natuTcs. 
417.  PftACTicAi,  Electbic  Units. — Th«  iioits  smpluycd  by 
eleutriciaoB  and  forming  the  B.  A.  system,  woro  mlocted  »o  tliut 
thev  ahonld  bo  of  a  oonveujont  magnitude,  and  yet  bo  dodmal 
multililcs  of  tho  absolute  noits  of  the  mvtTo  or  cvntiinctrc- 
gratu&io-Beoond  afasohito  systciDt  aud  also  appruximatu  in  valuu 
to  units  already'  iu  use.  Hut  tho  means  of  meusurement  being 
at  first  imperfect,  tho  actual  raluoa  of  the  units  of  reaistauea 
und  cuneut  w«re  not  curreotty  asoortatncd.  Then  acongresa  at 
I'uris  endmvourod  to  Rx  new  valmn  before  accurate  knowledge 
was  obtained,  and  with  that  curiouu  Icudoucy  of  the  Frauch 
mind  towards  anparvnt  delinitenesa,  thoy  fixed  upon  a  value  tat 
tho  ohm,  orOD  then  kno\tn  to  bo  iuoorrect,  inorely  because  it 
avoiJtxl  a  fractioa  in  tho  nominal  length  vf  a  tuba  of  meroory 
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wliicl)  no  otio  over  nuulo,  or  prolnbly  owr  will  niako  in  reality. 
Tbe  retiiilt  is  that  at  thin  muinunt  no  hiimMi  Ixiing  knowa  wlutt 
k  "  volt  "  is,  tfaotigli  <ilL-oLrici*nM  t»lk  nlwut  it  Rolomnly  oooujtli, 
■0(1  we  be»r  of  truo  voXtM,  logs)  volt*,  tlio  B  A  volt  ami  Ksvleigh's 
Tolt :  whilo  tlieorutfl  will  work  tlivm  out  to  eovontl  pUoes  of 
deuiinaU,  it  ta  the  aimplu  fnct  that  tho  riilnoa  of  tlio  anits  are  ho 
tuwertain  tliat  tboy  may  Jnvolvo  nn  error  of  i|Hito  3  per  cent  iti 
the  calcuIationB.  Iti«  »  groat  pit^  th<i  praoticul  unite  aro  not 
dediwd  upon  tho  C.Qii  B)'Hl4Ma  niinply,  and  any  orrora  of  tii« 
■tauil»r<l  merely  oovArod by  GBlonlatiou  until BtifficioDllyaooorato 
kiiowli^<]){o  is  attainoil. 

418.  The  VoLrix  thniinitof  fledronMhM/onv.andByinboIiEH 
by  E ;  wlion  of  tho  nitturu  uf  an  oppoaod  or  etMntrr  eieelrvmoUiK 
jfer«,  aa  in  tho  ca»o  of  n  tX'Vi:in"Hl  ct-II,  a  rn|taincl«r,  aecximinry 
iHttftr)-,  Ac,  it  is  wriltfln  — «.  Tho  volt  is,  tlicrefare,  the  unit 
of  all  the  «xurcBsions  or  a«ti4>iu>,  which  ara  either  cauaoqneDeea 
or  jiarts  of  «!cK;troniotivo  forcw,  or  wliidi  arvaiinply  i>tli«T  name* 
for  tbowino  thing, such  as "potonttal,'*"(liiroreiicoof  jwtenlial." 
"  oltfvtric  prasauro,"  nixl  "  olvctrio  foroo,"  nuil  it  ia  now  bi>vomiiig 
conimou  to  apeak  of  thorn  Hitiiply  aw  "  tho  voltage." 

Tli«  volt  ruprcceuta  aatalicforooor  pie«8urc;  thontoxistB  no 
•landaril  of  it  at  preseut.  but  it  ia  purely  a  matter  of  caloula- 
ti«ii.  It  ia  of  the  valne  of  10'  C.G.S.  uuita  (10*  M.G.S.).  This 
valuo  waa  aeleoted  as  being  tho  uoareat  approximation  lo  tho 
Danivll  ooll.  which  is  lh«  tti<Mt  conatant  Known  ;  tho  volt  is 
Ihuiisll  ■9369.  Its  value  ia  roallv  dclineil  ua  that  R  M  F  which 
nn^  an  ampere  current  tlirougL  an  ohm  reabtuico,  a&<l  tbo 
ooaftudua  mentioned,  i  417,  in  tho  couscqaenoe  of  varying  valties 
givoB  to  these. 

As  the  E  U  F  developed  in  a  thormo  vlvctrio  batt«ry  is  ocm- 
Ktaitt  fur  a  fixed  range  of  tomporattire,  atiil  a*  the  fr(x;ziDg  and 
Uiiling  points  are  easily  producible,  it  is  probikble  that  a 
■taadard  volt  might  be  constructed  by  thii<  incitnii ;  but  it  would 
BOt  be  reprodnciblo  exactly,  bvcAUM)  any  variiiticm  in  tho  purity 
of  iDftUla  altera  tlie  conditions ;  it  oould,  however,  lio  oopied  like 
the  ohm. 

4 IQ.  The  Ohm  ia  Uiu  unit  of  what  tho  doctricinno  call  fienVaiic^ 
for  the  true  exptanutioti  of  which  term  boo  the  Chapter  on 
Bssivtaaoe.  It  ut  aymboUzod  by  R  when  gauoml,  Imt  when  it 
ii  subdirided  into  tho  several  parts  of  the  cirouit  it  is  wnlten  r,  r>. 
&0,  Its  value  is  lo*  C.O..S.  iiniis,  atid  this  value  was  cboeou  b« 
a  iMMr  approximatioa  to  the  Siemons  mercury  unit,  which  was 
largely  in  nsa,  and  is  a  oolnmn  of  mercury  1  metro  long  and  t 
■niUinietre  aectioo.  at  Oio  freezing  point  of  wktnt.  Ilu  ^'^^n. 
AeBailo  AAw  of  the  uhia.  it  may  lo  said  to  \)e  vi\xm\  \o  %  -(dTO  q\. 
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copper  of  95  por  cent,  oontluctivity,  micU  oa  is  ordinarily 
obtainable,  10  foct  long,  'Oi  inch  dinm.  (or  10  mils,  about  jj 
gange),  w«igbiuc  i  grains  por  foot.  Any  other  iviro,  of 
whatever  matorial  or  aizo,  or  any  electric  i;ircuit  which  vrouhl 
equally  clivido  an  olectric  onrrent  with  this  wire,  would  bo 
1  ohm  of  resistance. 

The  exact  value  of  the  standard  ohm  prepaiwd  by  the  B.A. 
commitleo  is  not  hnown  certainly.  The  following  list  of  thu 
difibient  experimental  determinaitions  shows  both  the  diffioulty 
of  tbeeo  exact  experiments,  and  the  real  uncertainty  nhioh  hUII 
exists  as  to  the  data  upon  which  mnthcniaticiaus  build  up 
elaborate  calculationa. 

1863.  Weber    ..      .. i-o88 

1870.  F.  Koliausch        t'0195 

187J.  Loi-enz '9797 

187C.  Ituwland        *99(3 

1877.  II.  F.  Weber        I'OOM 

i8d}.  Lord  Haylcigh      •<j66^ 

1867,  Bowloud        '9854 

As  these  difforencea  are  found  by  most  skilful  oxporimcnters, 
aided  by  the  most  porfbct  and  oomploto  appliance*,  it  is  not  a 
ninttnr  of  eurpriao  ttiAt  the  actual  unita  obtainable  vary  cou- 
Htdurably  trom  taxsh  other,  eapeoially  aa  the  detorniination  of  tho 
true  Conductivity  of  pure  mercury  forms  part  of  the  nrobloni. 

420.  It  iH  now  cualomary  to  oxpi'eiis  Iheao  values  In  tiTiiiK  of 
the  longtli  of  a  column  of  mercury  of  i  Bi|uare  uiilltmotro 
sootioii.  At  the  I^tria  Congress  it  was  resolved  ibat  a  lencth 
of  lot  cdntlmelres  ahould  be  adopted  aa  tlia  legal  ohm.  That 
length  vfM  known  to  be  ineorroct,  but  it  was  an  even  liguro. 
HowoTor  thu  Bngliah  Pottt  Office  refuttod  to  adopt  it,  the 
AmortuanK  pitid  no  attention,  and  though  wo  rend  occiuionnlly 
of  le<jal  ohms,  nnd  le-jal  volla  as  a  oonitL-<|UL>nce,  the  Uiing  hns  no 
exiitenw  or  uite. 

The  It.A.  unit  is  •.till  employed  in  the  Pout  Office  nnd  bv  most 
people,  for  tho  simple  rcMKon  that  it  woulil  be  n  very  costly  pro- 
co«  to  change  the  inmninit'iitH,  ami  k-t  what  will  bo  docrpcii  by 
any  future  Congrcw,  in  nil  protiiibility  the  H.A.  unit  will  continue 
ill  use  and  bo  oorrectod  in  calcuhitions  by  moaiiit  of  a  constant. 

It  appears  probable  tliat  a  Itngth   of  icVj-j  cm.  will   be 

adopted  before  long  oh  the   now    leyat  ohm,  a*  that  appoan 

to  In>  tlio  value  of  10'  CCS.  UDJI«  uceording  to  tho  most  tmat- 

worlhy  oxpcrimonts. 

4ii,   ThcrQ  tmve  been  many  disoussionH  na  to  tho  best  way 

^Z"  cotthtiacting  a  sfandard  and  n-piodii(a\)\ta  tjbm.    Hwwvwj  U 
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cuporiur  to  uiy  »iliil  mi^tal,  bccaUM)  it  iM  M|Miblo  of  Mer  pnrifi- 
cfttioii,  uid  iM  snbjvot  to  no  moIccuUr  duiDgiw;  bat  how  tha 
oolunin  of  mi^roury  is  to  bo  produced  is  qtioitioiiftblo,  becausal 
tliom  ID  no  UKiilo  of  lipouring;  n  ttilio  of  oxnol  MctioD,  ftnd  tho  ' 
adjuitltui^iit  of  rraL'tioiisI  Ifrngthn  i«  iliffictilt.  Tho  pUn  which  I 
have  HDggoiti-d  giitu  over  tliin;  K-t  a  V-groovo  bo  formed  ia 
ebonitu  or  glus,  exactly  I  metro  long,  or  twu  Eiich  grooves  sido 
by  iud(!,bnlf  a  metro  long,  and  connvoted  by  miuuuvo  copper  at 
one  «ud,  ao  u  to  have  tno  tennionlH  iiSdo  by  side ;  tbia  boing 
pUeiM)  exactly  level,  let  so  mnoh  mercury  bo  pnt  into  tbo 
groovo*  na  nlioll  cxnctly  make  the  ohm :  tliis  would  mnko  ita 
oira  aootiun,  and  nil  th/it  would  be  iiuocMory  would  be  to 
noertoin  oxActly  the  weight  of  mcroniy  nquircd ;  n^ight  and 
Ivngth,  tbo  two  ca<i««t  measures  to  detenntuu  exactly,  nro  all 
th»  data  which  would  bo  nwinircd ;  a  ct.vor  applied  would 
oon)pl4t«  the  appnrattui,  with  suitablu  armngemonts  for  keeping 
it  at  tho  nrojwr  tcmpcrnlnrci. 

433.  ITm!  Aui'i^r.K  is  tho  unit  of  Current,  or  qnimlity  per 
Mcond,  tho  ono  tiling  which  l»is  an  nctinil  rnluo  in  nature, 
whiob  value  in  not,  howovdr,  taken  into  ikcconnt  in  tlio  SA'stoin. 
Tho  onit  Tstuo  of  cuiTcnt  is  dofioed  of  necessity  by  tbe  reuttioua 
of  Ohm's  formula — 

E      ^         EMF  -,         ,       Volt       .       , 

Si  =■  C.    \,    .  . =  Current,      sr^ —  =  Ampjro. 

U  ItiMiiUnix  Ohm  ' 

i^  =  IO-'  C.G.S.     or      i^  =  10-'  M.G.8, 
io»  jo' 


I 


Tho  ampere  wm  formorly  called  tlio  rebor.  Its  actual  vnluo  is 
not  y«t  saoertaiDod  satisfaotorily,  and  the  differctice  uf  valuoa 
givtm  ia  cODSiderable.  Tho  value  aeuepk-d  until  n^t-ently  nuikcs 
tlio  ampere  a  onrrent  which,  doing  work  in  olectroljsiH,  rolMsoe 
'0000IO2J  erainuo  of  hydrogen  per  second,  or  in  gmiiis 
'oooi  Jd,  nnd  the  eqaivalent  proportion  of  any  other  suliataDOfl. 
M.  Hn^cari  fonnil  tlio  vulue,  gramme  '00001041;  of  hydrogeo, 
whkfa  is  in  grains  -000161. 

Lord  Hayleigh's  latcsit  deteruiiuiktiun,  which  is  likely  to  t^eootuo 
the  aodspted  Talue^  is  a  deposit  of  silver  per  aeoond,  gnunmo 
■001 1 iS  which  oorraspoiids  to  hydrogen  'OOootoj^iS. 

Nitrate  of  silver  I J  or  10  porlti  tu  100  water  is  iiAed  and  ia 
l>rol«My  lb*  most  trnatworihy  Knlralanco  fur  actual  mcaaiirc- 
nuiuts,  ticcuusu  tlie  Mpiivuleut  cif  nilver  being  icS'  reduces  tho 
clRict  of  small  orrois;  iJie  nitratv  of  silver  ia  a\w>  t:wa\-j  (iVu^«\t^ 
pur^  aad  fhotv  ia  littJo  rwlc  of  prodncing  ttoVc  MiWa,  \iw(\4s^ 


t1i«  density  of  curront  is  Iropt  low.  Riil  for  ordiuary  {itirpi>f<.« 
tlie  Biilpbate  of  copper  is  MtiBiAcU'ry. 

Thi§  ralno,  and  <ho  chuneo  in  valiio  of  tlio  ohm  vrtU  nfToct 
tbe  correctness  of  muny  of  tao  figures  wLIch  will  bo  given  in 
the  Chapter  on  Ktctttroinotivo  Force 

The  ampere  lutur  is  a  Urgvr  unit  coming  iuto  uso  for  olcctrio 
li^ht  puTiioeEv,  and  is  us^  nn  »  unit  of  quantity,  boiDg  the 
value  ii(  tCoo  conlomlie,  or  nniporo  Bccdodft. 

43).  'iiie  CouLOMii  is  tho  unit  of  Dgnomia  Qimnlil;/:  it  is  of  tlio 
yalxto  of  I  nmpero  of  onrront  during  oni>  pucimil ;  that  is,  a 
current  of  lo  ainporos  wunld  transmit  m  ono  socoiid  10  ooulonibs 
of  electric  qiwiitity;  tho  cuiilomh  is,  thoritfoni,  C.O.S.  10"',  and 
loprosents  chomieally,  "OookS  ^rraiti  of  hydmgcn,  or  such 
mdaesae  haro  just  l)con  doscrilxrd  for  iho  nroporc-socond. 

424.  Tho  FaIuii  is  tho  unit  of  Capacilv,  and  its  value  is 
coulomb-Hvolt,  or  C.G.S-  lO*  units  (M.G.S.  lo"').  That  is  to 
say.  that  tho  capacity  of  n  condenser  is  tho  nuniher  of  units  of 
iinantity  it  will  i-ocoivc  uniler  unit  force.  The  value  given  is 
that  of  the  electro  magnetic  system,  nnd  a  unit  condenser  would 
therefore  bo  ono  holding  t  coulomb  under  1  volt  pi>tential.  it 
will  bo  seen,  S  loj,  that  the  unit  of  capacity  on  tho  cleotn>- 
static  system  isasplicroof  1  eentimolm  radius,  which  would  hold 
the  quantity  deltned,  S  87.  so  that  on  tliis  system  the  c.tpndty  of 
llie  earth  is  calcolBtcd  lu  Cto  nnllions  o-h  uiiiti^  IM  all' iIum 
Mimift  Id  the  rl^liieili/  tehich  fiat  been  tnrerilcJ  hi/  the.  ifhootmru ;  as 
to  tho  cnrtli,  thcrv  is  no  ovideiice  that  it  hn-i  any  atalic  i-hiirgo 
as  a  wliolo— i.  0.  a«  a  xphere  in  space;  it  lian  uaoy  hxnl 
charges,  (!wnptantly  vary  in  jr.  "ot  up  between  jiarlH  of  it«  nurfiico 
and  tho  nurroundinj;  atnii<Nphi--ie  and  cloiidii,  ItM  capacity  is 
iniaginur^',  )nit  tliL-  ^giiro  ia  useful  lo  ((ive  aom«  conoeptiun  wf 
the  mtaaiug;  dividing  thin  oliarge  by  iho  ratio  r\  S  414,  wc 
have  6}  X  lo'*~fj  X  10'")'  -  7""  C.G.S,  unitit,  and  tho  micro 
farad  licbiff  to"  Uim  in  7CO  micru- farad  o  or  abuiit  3400  miles  of 
cable,  and  givcti  *  1 104  millionth  of  a  grain  of  hydroKon  as  tbo 
ohiiniical  L'<iuival<int  of  the  duotrioity  wfaiob  would  cliargo  tho 
earth  to  (ho  jiotifiitial  of  ■  volt. 

4J5.  Tho  MrcRo-FAitAt>  in  tho  i>raolioal  nnit  of  capacity,  as  the 
farad  itNolf  ia  cut  of  all  practical  nto.  Thix  is  tho  one-millionth 
iif  u  farad  and  may  bo  repreatinted  by  j-j  niihM  of  nverugo 
tulugiaph  tftblo:  uo  S  107  p.  C-j,  and  tlie  tublo  p.  71,  where  the 
natural  tnith  aa  to  capacity  is  lulty  explained. 

^26.  Tho  JoOLB  or  Joci.AD  ii*  tile  unit  uf  Energy  exiieitdtd.      It 

ia  the  work  dono  per  stcond  bv  tbe  ampere  in  t  ohm,  and  its 

oxpreaaivti  ig  J  a  C  X  R-     Thw  i»  Uie  energy  expended,  llig 

B-prjt  doflo  ip  pass'tog  Uie  cnrrcnt  thiough  tho  circuit.    /( it  lh« 
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tnu  retittanft,  nnd  is  analof^ons  to  tucchanioAl  frictioD,  and 
like  it,  varied  as  the  >f nore  of  tkt  riirmf.  As  tho  fonunia  E  X  0 
iDtmu  exttotl)'  lb»  same  thing  for  any  given  droait  (only  nah- 
■titnliag  a  ueaaurcd  current  for  a  tncoeuml  tesistajwe),  tlm 
(unoula  also  Kivw  iw  ihe  Tcsnh  in  what  aro  called  Tolt-amperoa, 
whieb  are  thie  aanw  thing  as  the  jonle. 

The  Joule  coren  all  fonna  of  enarfn;  and  inclndcs  W  work 
In  foot-pouiida  or  other  menxnrctf,  ann  II  hoat  in  catorios,  &c 
Therefore  it  neoda  a  oonaunt  i  to  ho  aililed  to  the  formula,  whicli 
gives  the  Talae  in  the  deeirwl  tonus.    Thus  tho  joiilo  means  ; — 

C.G-S.  (erp.)      -lo' 

M.OA.  lOOO      -icri 

Fooi-|>ua»i)a      '7J7I 

Calory        *>4'>5S* 

tl~.  Tbo  Watt  in  Ihu  unit  nf  Pomt  (aimilur  tolionw-i'Owi.T}  ; 
>oltU  luudi  the  aaiue  ri-lation  to  the  jotito  n«  thu  uiii|N]ro 
doM  to  th«  ouulowb.  It  is,  in  fact,  tbu  )>owiT  to  do  a  Joulo  of 
work,  and  U  of  the  Mine  value  |>er  tieouiid  oh  tlivjoubi,  ur 
M)uivaletit  to  44'j;  fout^i^ouDdH  per  miiiutv,  or  hune-powur 
{3},O0ofwjt>poundH  prr  niintite)'ooi)4:  so  tliat 

I  horee-i>owor  =  746  vrmtia ; 

tliat  it)  to  vay.  one  borM-power  expended  wholly  in  producing 
electric  onrreut  wonld  generate 

I  ampere  cnnvnt  In  746  olime  nvistanoo^ 
or,  ^746  =  S7*}  amperes  in  ■  ohm    „ 

In  fact,  we  tuaj  consider  tho  joutn  as  thu  cost  of  carrbge 
pnr  ohm  of  one  ainporo,  hut  with  tlio  charge  increasiug  as  the 
iwjuaro  of  the  number  of  amperes  carried  per  ohni. 

41S.  Tbe  rolt-ami'cre  hour  is  n  larger  unit  of  energy  coirea* 
ponding  to  tbo  similar  cnnent  unit,  S  412.  used  iu  oonnection 
with  cltictric  lighting,  and  represents  )6oo  joules. 

Tbu  £^ard  0/  Trade  unit  for  electric  lighting,  to  wliieh  suiao  • 
have  given  tho  atrocious  nnmo  of  "  Hot."  represents  Ihe  energy 
expended  by   tooo  Mnpoies  nnder  ibe  preasoro  of  one  vdt, 
during  one  hour ;  that  is,  it  rcprvscnta  looo  volt  nmpore  hours. 

410.  Allerualinij  iuirrmitlenl  riirrfiif*  obey  Ohm's  law  na  to  tho 
rvlationsof  KM.  F,  It,  and  C,  at  each  instant  of  their  oJiistenoe, 

■  Two  Tnlon  i«  ealorit*  xn  girtn,  ■34e4.^  htrr,  «nH  'S3S1  in  Ihr  ubir.     The 
fir>*    U  thtt  hllhMto  nifd,  uid  itMarUiinl   bj  rijiFnn)*nt4l   olairTBllunt :    lb* 
Uitrr  !■  Ih*  Ibtotalltfil  rtlae  ittirti  tma  lh«  CU.S.  tjiitn ;  ib«  JlOannr*  U 
nuHd  hj  tW  imfeitta  OtlttmiMti'tu  vt  the  it«»dwl  w\U,  \>it  ^toi  mA 
aM;»rr> 


thoso  rolatioQS  giving  Uk^  onlinntMi  of  the  ciirvo  of  Moh  par- 
ticular cnrrcnt;  but  tliuy  caimot  ho  expressed  by  the  ordinitry 
formtilie,  becauM  tho  varying  conditions  of  each  circuit,  and  the 
rate  of  intomiption— tln!  "frequency,"  introilace  tho  dieturbing 
olcmotit  CAllud  "splf-induction"  and  other  namoa  now  re- 
placed by  tho  gonenil  torni  "  indnctAnoc."  This  rwtUy  acta  in 
two  WAj's,  na  E  M  F,  and  as  nn  additional  n»i»tancc,  both 
vanishing,  iir  tho  "  oiiimoity,"  electric  and  tnaguetic,  of  tho 
circuit  is  siitlefied.    The  formuln)  tlicrcforo  bccomos 

B-f->r 

Fur  practical  purposos  it  may  bo  representod  &»  a  leiiiporury 
ii'aialaiice  for  which  a  moaBuro  has  become  ncc«Hi«ary  imw  tUut 
ulttruatiiig  curtxtnte  aiv  brought  into  groat  pructicul  imu. 

4ja  The  IIiotaY  is  prettj-  sure  to  bo  tho  uamo  of  the  unit  of 
induotuuoe,  although  a  congroes  at  rBriA(i889)  has  decidc-il  to 
cidl  it  a  "  quadraut "  and  it«  introduoere,  IVofeasora  AyKon  und 
Perry  named  it  the  "  Bocohm."  These  latter  nameR  explain  tlto 
mc-utiing  of  tho  unit  in  tho  ByBtom  of  dimetisiona.  Au  ohm  is 
BJiid  to  be  a  '■  velocity"  aud.a  velocity  rauUinlied  by  a.  time  is  a 
hit'jlh.  Bo  inductuuco  is  said  to  be  a  leugth,  L,  and  it«i  unit  is 
itu  "dim  second"  which  bi  the  length  of  au  earth  "(inadrant" 
or  1,000,000,000  centiiueliee. 

Tho  unit  is  tm  recently  proposed  that  it  is  woorooly  possiblo 
yot  to  jfive  a  popular  oouceptluu  of  it,  and  tho  aptuiratuH  for 
uieasuriiig  it  JH  too  oomplioated  for  use  except  in  w(dl  cquipjM-d 
workn  and  laboriitoriuH. 

A  paper  read  by  Mr.  Keiielly  to  tho  Inatituto  of  Atnerioait 
Kiiginoeni.and  tobcfuund  in  Iho  '  Eleolrioiau '  Vol.  xxTi.pp.  2G7, 
30J,  gives  th>^  fuUiut  iurcirmution  at  present  available. 

4J[.  An  aUernaliuQ  carrenl  0/  1  ampere  means  that"  the  Hqnaio 
i-oot  of  the  time  avorogos  of  ita  etreugth  iu  ampereit  is  unity ," 
acoortling  to  the  nro{>08ed  definitions.  As  a  mutter  of  fact 
there  is  tio  suoh  tiling,  aa  the  current  variett  from  instant  to 
instant,  but  it  is  practically  neoeeaary  to  expruw  the  average  of 
tbne  as  "  the  cuirent,"  and  it  is  found  that  tho  true  aTerogo  is 
not  tho  mean  of  the  currents  at  oaob  inatnut,  but  tho  srjitare 
root  of  ihc  Rioun  of  tho  A^inarcij  of  those  ourrenta— that  is  to  Kay, 
it  is  rrlnti-d  t<t  tlie  energy  expended.  Thia  can  be  uieoaiinxl  on 
galranometer«  adapted  to  the  porpose,  and  it  ia  known  aa  the 
''  effective  currenL' 

4 J 2,  lilt  voUage  o/an  aW«nia(»B<;«frren(,  tlie  "effeclivoE  M  P" 
/«  Hul'JtKt  to  tlia  mtiDO  reoiarks,  it  is  lueaaurnblo  by  tlio  Cardow 
vultiuotcr  hvcauBO  thia  tegisterB  the  wXiuiX  vaw^  >"«4  mYwaATO^ 


4J4] 
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its  wires,  and  the  diroclion  of  tho  cnrnMit  in  ihikt  wire  doea  not 
»fltect  the  rwult. 

The  formula  H.O.  does  not  givo  tho  energy  of  an  alt«rnfttbg 
carrent,  nor  h  Ihe  resutanoe  caleulalilo  aa  with  steady  oorrents. 

i}]].  Further  inronnatioD  aa  to  tho  prineijilcs  which  uuderlie 
them  units  will  he  fonud  in  tho  ohaptont  rvlntiug  to  the  seventl 
branches,  and  the  following  tnblo  will  prcaeut  the  relations  of 
the  iinltB  to  each  other  and  their  valnos  in  one  view. 


I'HACnCAL  Kl-WIIlO-MA'lSfTlC  UXITS. 
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4}4.  BESi^AXcra  MEiMiKis. — These  are  definite   rcdstanoM 
made  up  into  acta  for  use,  i>reotself  aa  weights  &td  in  onlinary 
weighing,  and  these  known meacures  areoompared  with  iho  ono 
to  be  measured  nntil  the  two  are  equal,  in  relation  to  electricity, 
as  the  weights  are  as  to  itravltation,  by  ft  prooesa  no  similar  to 
that  of  weighing  that  the  apparatus  is  uallcd  a  "  BulaDOe." 
The  e«r1ieflt  wore  simply  lengths  of  a  particular  wire;  then^H 
Wbmtstone'a   Rheostats  were  devi^^d,   thene   heiiig  wires  oi^| 
which  variable  tenths  were  ca]utl)le  of  being  measured  off{^^ 
one  form  consisted  of  a  length  of  fine  wiie  wound  ))[)un  two 
parallel  cylindera  (^^r«d  together,  the  one  of  wooil  with  a 
screw  thread  cut  in  it,  the  other  inelal,  so  as  to  malcc  ountaot 
with  tlie  wire  wonad  upon  tt,  leaving  the  length  on  the  woodon 
cylinder  to  form   part  of  tho   eirvnit:   tho  otbQt  *««»  W»b  « 
wooden  o,vJio^er  with  a  «(«titt'r  wire  wound  n^ow  \\ ,  toTtivwij,  ^ 
aentr  tAnml  tgniaai  whkh   |>rcx)t«i>d  a  triweUVwg  -wAwtV  vt-ft.  ^ 
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metil  ar^r.  In  both  tDstnimonto  Iboro  vroro  njipliaiiceB  for 
indic)tlin|>  tlie  nniobor  of  tiirng  and  parle  of  a  turn  which  wore 
left  in  tho  circuit;  bnt  both  were  vcrv  inijiorfcct  bccaUHe  the 
oontaota  were  Hureliablo,  Then  fixed  coils  of  wiro  weronsedaud 
mounted  in  sets,  and  from  these  haTO  grown  up  tho  instnimenta 
now  used  coutAiniiiK  tuaortod  sets  of  coila  adjasted  to  ofamB, 
or  any  conYenienl  multiplos. 

The  instrutiients  deecribed  here  will  bo  obiefly  aoch  as  stndenta 
and  amati-*urs  can  coualruct  for  tbenisolres ;  fur  larf;e  openttionB 
many  varied  forma  are  devised,  but  once  undenttandiog  the 
priiiciplea,  any  int«lligont  persuu  cun  vary  tbe  construction  to 
suit  Uia  purposes. 

4{S-  uraiSTAHCC  Coils. — These  are  oaaily  made  up  to  any 
resistance.  They  are  commonly  mounted  iu  seta,  giving 
looo,  lo.ooo,  or  100,000  UDits,and  are  verj"  ox  pensive  instru- 
menla,  owing  to  tbe  great  labour  of  adjustiuenl.  The  usual 
plan  is  to  make  up  ooila  corresponding  lu  thi!  required  divioiona 
and  oouiicd;  tlio  seroral  terroiimla  tn  niaantvo  Mocks  of  brass 
arranged  nearly  in  contact,  so  that  u  hole  >><)red  at  tbe  middle 
of  the  opposed  etlgea  will  cuniioct  the  adjoining  blocks  when 
filial  up  by  A  ulightly  iwnicttl  luctAl  ping.  Fig.  44  nhown  the 
mode  of  uonnoctiOD  wtiiuh  ih  largely  employed  in  <'h:i.'trioid  in- 
struincintx  and  giv<iManc>xo(!l1ent  t.'unne<;tion,  ifieplelfan.  Whim 
tho  ptugn  am  iimr-rted,  the  circuit  piuuu.'tt  through  thom  and 
tber4>  is  no  resintiinre ;  by  removing  a  ping  tho  cnrrtmt  linK  to 
jiuns  thr'ingh  tin*  wirn  whnsn  ernln  an>  conncct^iil  to  the  tiv« 
blocka.  Thpic  bkiokH  arn  eommuuly  Kun.'wn<l  ujKin  a  plate  uf 
elxniite  or  wood,  Ao.,  which  allovra 
dual,  &o.,  tu  collet:t;  tliey  shnuld 
either  Iw  Kunk  lulo  idxinile.  whirh 
could  1>e  done  lH.>fore  this  in  liiirduni-d, 
•  If  I'lse  all  the  sjuicna  idiould  1>o  filUid 
up  with  piuoes,  so  as  to  leave  a  Hniootb 
HLirfiicu  wilh  no  openings  but  iho  plug- 
hok-s. 
'^Z'  4}6.  To  reduce  the  nuoilwr  of 
tlii'MO  coniii:«ti<>tiH,  it  is  iianid  to 
niakf  up  the  cuibi  on  the  aamo  jirinoiplo  tliut  rlii^inioal  weights 
are  divided,  viis.  1,  2,  j,  G,  as  b,v  combination  of  tliCKO,  i(\  or 
any  of  ita  subdivisions,  may  bo  obluiucd ;  In  other  cawca  tho 
oomblnationa  of  i,  3,  3,  4  or  of  1,  2,  2,  s  ure  UMod.  Thwe  coni- 
liimitionK  huTe  tho  advantage  of  re4|Uiring  only  four  rcehi  and 
four  ftdjustuionts  to  each  decimal  nerict;  they  arc  tlioreforo 
cheaper  to  make  in  a  large  way ;  but  they  nrc  more  Iroublesomo 
to  tmo  tfiau  iiisfrnmvtiXs  with  fomp\i:W  tVi;\wi),\  wjV^HA'VoctilxKl 


Km.  \i 


liflow,  as  they  rcqairc  more  arTang«m«nt  of  the  nnstaooM,  amtl 
thuy  arc  more  oonducivo  to  tuistakce.  aa  tber  neoenitato  tho 
adiliofi:  together  tberMtBtanccs  opened.  In  toece  tcistnim«nta 
there  ifl  ft  complete  wire  drcuit  all  throagh,  and  tfao  plnn 
"  short  circuit,"  or  uhnl  ofT  so  much  of  Ihe  wiie  aa  may  not  DO 
roqairod.  In  the  noxt  form.on  thooontrarj',  thereianothroogh 
wiiv,  but  snch  lengths  u  are  required  are  tbrown  into  circuit 
by  a  eiogle  connection  for  cacli  decimal  set. 

4)7-  Dfx-im.vl  KiKisrixcK  iNn'itusiEicr. — Conaidomtioa  of  tho 
varioos  advantage  anil  evils  of  those  instntments,  both  in  prin- 
ciple and  oon^'enionco  of  oonsti-uction  by  amateurs,  led  tno  to 
dL'viso  an  arrangement,  which — writint;  as  I  do  oxprewly  to 
aid  tho9e  who  wish  to  oonnlntct  iustrumeiilfl  for  thomsolvcs — 
1  will  now  dfscribe.  In  giving  its  mode  uf  oon  struct  ion  I  shall 
entteavour  to  fnnii^h  siiHi  {iracticnl  observations  aa  my  OK'n 
ftxperienco  indicates  may  obviate  difGculties  likely  to  arise  in 
tho  oouatmctioD.  The  instrument  tlcscribotl  givea  re«istntK-<-H 
varying  fono  looo  ohm«  to  i-iooo.  but  for  convcntcnou  of 
making  and  facility  of  reading,  the  elements  are  arrangeil  in 
regular  wt*  of  nine  csnclly  similar  parto,  tho  tomvinnil  ci>u> 
nectiouM  arranfroil  lut  in  Fig.  43,  n-IticL  rejireaonts  one  ileciuial 
set  for  any  dtviHiifn.  K«ch  segment  ro|in«ctit8  a  conuccltoii 
§  4j8.  C,  tho  ci-ntre  umnoclton,  Icadd  either  to  o  of  th«  m-xt 
sorira  or,  in  the  lunt,  to  the  leimiDal  screw.  A  glance  will  uow 
show  thatthectirnriiteiiloruBt  +  which  isoonnectcd  too;  if  Uiiii 
is  connctli^l  to  (.',  Um  circuit  jkuvkui  from  this  to  tho  next  series, 
while  If  C  i«  connewlwl  to  any  of  the  numkei'e*!  stnds,  jiurt  bo 
mrmy  diviiuuns  of  resiittanca  nru  included  in  the  circuit. 


Fto.  43. 
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Pig.  46  shows  tliti  ^tml)l^:le  urraiineiiitnt;  the  upper  sets 
leprewat  whole  numhurs  of  uuita:  tho  lowur  e«lD,  the  decimal 
diTiaioD*;  all  arranged  in  tho  usual  mode  <j[  ulouixg  figiuue. 


MKtSL'ItCMENT. 

The  rcKistniioo  at  it  in  hIiowh,  thoivfijK.-,  nwlsulTdfiC'ioy  uiiita. 
l^o  dotted  linc»ro)>rcficiit  the  fixed  coiincctions, and  Ihopalh  of 
tlio  oarretit  may  thus  bo  rooHlily  traoixl  tltruugh  tiiv  diagram. 

4)8.  CoxKTitvcnoK  or  ItBUvrANCE  ].<(sti:i;»est. — (i)  Oonnec' 
lioii),  Tlicso  may  bo  liko  Fie.  44,  but  composed  of  a  circular 
biwlf  anil  a  ring  of  KOgnicutnrblockH  with  hoW  to  connect  any 
Bogracnt  to  the  ccntri;,  as  iihowii.Fig,  45. 

Thoy  may  Ikj  a  central  pillar  with  n  spring  trnversinc  ovet  a 
ring  of  Ktiids  or  »»giuL'iitiil  Mucks ;  the  Kpring  aliould  m  wido 
enough  to  poiui  frota  ittutl  to  Ntud  without  brc4ik  of  circuit. 
This  plan  is  very  quick  ntid  lutudy  in  use,  but  is  only  suited  to 
large  rc«istn.nces  ;  tho  vnrying  proHSiire  of  tho  spring,  the 
coating  of  tlie  Mtndii  with  dnat  or  sinoko,  makes  a  great 
diilbrcnco  in  tho  contact  rv«iMtniicc«.  If  employed,  the  spring 
slioiilil  prcns  strongly,  and  all  tbo  fnoos  l>o  well  gilt.  The  beet 
plan,  but  truublosoMie  in  moiuo  rexjiocts,  is  to  use  tuorcury  cups, 
connected  together  l>y  a  bridge  of  stout  copper  wiro.  Tliecupn 
lire  ca*ily  made  by  nsing  fur  tho  top  a  thick  picco  of  wood  («iy 
li  inch),  boring  liob^s  tliroiij^h,  and  filling  tlic  lowerhalf  of  th« 
holes  with  a  ciipiicr  rod  or  screw,  the  end  uf  which,  as  aleo  of 
the  links.  sheuUl  be  first  well  am  ultima  tod.     Brass  sci«ws  will 


not  do.  as  mercury  penLtTatcs  them,  and  iion  is  objeoli enable, 
AS  Imiog  likely  to  disturb  niiighbourine  galvanometers.  The 
ends  nf  the  Borews  whii^b  project  tlirougli  tho  wood  should  be 


first  tinned,  roody  fur  soldering  the  wires  to  them.  See  also 
5  j6l. 

(3)  Th»  evilt.  Tho  wire  is  usaally  Uiid  npon  roels;  theae 
niav  Iw  of  brass  with  a  sorewid  end  to  go  into  the  blocka :  one 
cna  of  tho  wiro  is  soldered  to  the  reel.  If  mercury  Clip*  ai« 
useil,  and  the  iustraraent  cannot  bo  turned  over,  it  iit  better  to 
arrange  short  coils  horixon  tally,  iiuittf  ad  uf  longer  vertical  ones; 
fix  to  the  miildto  lino  of  tho  lower  side  of  the  top,  a  verUoal 
Ijoard  from  whieli  tlie  proper  number  of  rods  project,  and  slip 
tho  reels  on  these.  From  each  of  tho  copper  soruwa  of  tho  cups 
bring  two  stout  wires  out  to  tho  side  of  the  top,  along  ihe  edge, 
for  connecting  the  ends  of  tho  coil  wires  to  when  mounting. 
The  adjusttncnt  can  then  Ijo  made  conveniently  as  the  instru- 
ment stands,  the  coils  being  all  acecnsible  and  removable.  Tho 
wint,  cut  in  li-ngths  a  little  in  cxcens  of  the  rcHixtance  re<iuin.4| 
iai  doublud  and  Uid  so  wiron  tho  reel ;  tliis  avoids  any  induction' 
in  the  wire».  as  tho  curront  is  everywhere  riivm-mri),  and  it  al«> 
prevents  the  coils  from  acting  im  magnets  upon  neighbouring 
galvanometers. 

AnoUier  uioile  is  to  diWdo  tho  lenjijth  of  tlio  reel  in  two  partfl 
by  a  partition  and  wind  half  tlio  wire  in  vno  direction  in  ono 


s 


4j&-i 


ooNinnuiTnwt  or  itHm^xcBi. 
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(joiii{>artiuoiit,  aui]  Uieii  reverao  (lie  vriuOing  in  tho  otUcr  rom- 
nartmcnt :  tiiia  is  less  porfcct  tlwn  t)i«  twu  c»ntigtiQ«a  wiiY«, 
l>ut  Uie  wire  is  more  easilj'  laitl,  anil  leaka)^  U  leM  probabJs. 
llie  two  ends  ara  to  bo  left  out  for  ootinectiuu,  and  in  liii«  wircM 
it  is  ilesirablo  to  joiu  s  stouter  wire  (or  a  alinrt  picoc  of  copper 
wire)  on  them  to  reduce  mk  of  bn^aking  jiutt  uuLaido  the  coiIk. 
If  preferred,  the  middle  of  tite  wire  may  be  within  the  ooils,  ho 
that  the  two  ends  are  oatward  and  aoceasible. 

it  is  not  neoeaeary  to  lay  the  wire  o»  reek ;  it  may  bo 
doubled  and  rolled  u]t  iu  small  coila  if  preft^rred ;  this  exposes 
mora  sttrTaoo,  and  ihe  heat  can  escape  more  freely,  hul  ia  more 
trouble  iu  fitting  np. 

())  The  ieirtt,  Thc§o  aliould  be  Gerniau  silver,  or  tlio  new 
alloy,  platiuoid  ;  it  ia  usually  silk-covered,  btit  oottoii  ia  iicurly 
as  f;0D(l.  Il  is  desirable  to  saturate  the  ooveriuR  with  iianiflin, 
by  baking  thorengUly  drj-  and  dipping  while  hot  ialu  meltt.-<l 
paraffin.  I'liis  can  be  done  either  tx<fore  or  after  laying  on 
Tocls.  German  silver  wire  varic«  very  much  iu  resistiuice. 
According  to  the  amount  of  nickel  in  it.  Of  two  wires  of 
exactly  the  same  gauge.  No.  iC,  S  feet  of  the  boat  balatiocd 
1 1  feet  C  inches  of  the  commoner;  therefore;,  the  saitablo  sites 
cannot  be  given,  but  must  be  ascertained  by  aid  of  the  tablua 
of  wires. 

It  is  useless  to  measure  lengthsof  wire,  because  the  rediHtAnoo 
variea  in  each  length,  owing  to  slight  Tariationa  in  tliiokneM, 
and  still  more  to  alight  changes  of  quality,  and  the  finer  th« 
wiio  tbe  greater  this  variation.  Thus,  in  No.  iS  two  trials 
'tifTiTcd  only  a  quarter  inch;  in  Ko.  )4  many  trials  gavo 
resnlta  varj-ing  frem  6-4  to  7'i  inches.  It  is  uselees  alw  to 
ntljiist  wires  before  winding,  as  the  strain  njwu  ihem  alters 
tlicir  sise  slightly,  and  so  affects  Iho  K^sintance,  and  this  the 
UKrro  if,  as  should  be  done,  soft  wires  arc  nscd. 

'I'be  size  of  wire  is  to  be  selcct«d  uoording  to  the  purpose  of 
tlio  iiistnimeut.  If  il  is  t«  be  used  as  an  actuitl  nsistauoa  for 
varying  currents  (and  such  an  instrnment  ia  eBsentisI)  larga 
wires  miut  be  used,  to  avoid  the  oSicIb  of  heating  by  too 
current ;  if  it  is  required  only  for  niensuring  resistances  with 
tbe  bridge,  as  only  small  and  momentarv  currents  ]^a8,  finer 
win-B  may  be  employed.    The  following  sue*  are  siiitaUe : 


BiBrieobou 
leuiMi  .. 
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tcoohms 
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Deoltnnl  seta  nved  not  bo  nil  of  ouo-sixcd  wire :  the  larger  sizta 
nay  be  nst^l  for  the  finit  ooils,  and  filter  aa  the  resistance  rises. 
(4)  Ad/aMntHl.    This  is  cSt^tcd  on  the  principl«s  dv«oribed 


S  43J>  by  balauciu^;  agniiiat  u  iiliiititatil.  The  c-ti<U  of  vrlre  luft 
for  lidjuBtmciit  are  wt-ll  cloiitn-il.  jiml  BliorU'iie»i  by  croHHitig  in 
contact  till  cloBoly  con^cl,  wlun  llit-y  nlioulil  («  twUlcil  togt^tbor 
Oiitl  Boldereil,  and  this  (.■.JiitiiiUL-'l  iiiilil  it  cxaotly  t^nalH  the 
standard.  Tbo  foUovriug  in  a  laoiv  jiurfect'  {ilnii.  tlaving  by 
mere  euiilnL'l,  an  Itoforci,  BMoorUiiMii)  cWylv 
Fit).  IT.  the  )iro]it-r  luti-tili,  slide  uinju  thv  two  Miifa 

(first  liuiiiug  tliem  witli  tno  Hulilorln^  iron) 
a  abort  \>\<xe  of  brass  lube,  uliio  titinotl, 
whiclt  is  best  done  by  boiUnjf  in  u  tin  vvvael 
with  a  sultition  of  caustic  s>ida.  adding  it 
iiltle  oxiilo  of  tin  (puity  jiuvrUur)  and  soiiio 
gi'aiiiibitc'd  tiu  and  picm  it  togetber  «»  as 
to  grip  iJio  wires  llrnily.  SliJtt  tba 
wire  ouiIh  through  this,  watoliiiig  tbo  galvauomut»r  till  iJio 
rctiislam^c  nhows  closely  rifjlit,  or  a  tri8o  too  smiJl ;  then  touch 
t.ho  joint  with  a  tiolOering  iroa,  and  allow  it  to  cool  cuinplflt'ly, 
I'liD  liiial  adjuKtniL'iit  is  to  b^  uiado  b^  liliuK  away  the  joint  so 
an  to  IcngtDcn  tliu  wiros,  or  Iha  wires  theiuHflvcs.  so  as  to 
incrciiM!  tho  nwHtriniv  until  tiwrect.  With  fmo  wires  it  is  well 
to  join  on  stonier  imibt  fur  thifladju.Htin(.-nt ;  llu-i-c  im  olito  a  grea 
advantae<<in  solduring  oiia  scconil  wim  nmr  tliontljnating  ])uint, 
Kij  tliat  tlitt  circuit  thoro  is  dimblv ;  tlio  effi.-ot  is  ihut  any  Hiaiigu 
of  rcKistanoo  involvM u double ohaDoa of  l.ngth of  wire.' and  alno 
there  is  less  risk  oT  comploto  break  of  circuit ;  this  mny  bo  carriuJ 
further  by  mnkinji;  this  second  loop  of  muoh  grenler  li'n<;lh  than 
that  of  tho  wiri!  it  nfTccta.  When  adjusted,  tlio  coils  Hu.t|ivn<lo(l 
from  tho  top  can  bo  insurlbd  into  a  aiMs,  u'hidi  in  to  Ixi  mri'iiriMl 
by  a  fow  ocrows  to  tbo  top,  and  forms  th«  tituiid  of  tlio  instrument. 
I'or  further  details  of  construction  bpc  S  455. 

(j)  SMiv'tiom  n/  an  okm.—ThtjHO  may,  tor  ordinary  purpowM) 
ha  nmitt  by  division  of  a  length.  Takv  1  ohm  tn  No.  16  Gorman 
lilrcr  wiro;  meosare  into  to  parts,  and  at  each  divi^on  solder  a 
copper  wiro,  to  be  taken  as  oloso  up  as  possible  to  its  connection. 
A  copper  or  brass  wire.  No.  iS,  may  l<o  bnlanoed  against  one  ol 
theeo  tenths,  and  t-Q  furnish  huudnxlths  in  like  manner,  and  a 
lougtli  of  No.  to  will  giire  thoasandtlis.  Tho  subdivisions  may 
be  liulanood  (inely  by  a  standard  ohm,  usiiig  tho  multiplying 
rutioB  of  the  bridge. 

(6)  The  Jixtd  rrMtatKt. — The  jionnanent  connections  should 

be  insdo  with  very  istoiit  cnjiiwr,  the  whole  of  tho  connocUons 

nrrangod  for  short  circuit  (that  is  from  o  to  C),  and  this  fixed 

rcsivtanoi)  measured,  and  added  in  ctiliiulnttnns  to  the  miiMt'iiico 

nhowa.     Yot  nso  with  tliu  bridgn  it  is  wvll  to  unu  n  pair  of  0011- 

ductan  in  tho  proper  ojwniiig,  and  to  kaUncc  agaitiat  these  and 


tbo  Jtxod  Twiatance  ft  length  of  vtiro  which,  being  out  in  tvo,  ie 
to  bd  used  to  connect  anv  rcBiataucc  t4  tho  meunie ;  th«n  aU 
bnt  thoMtvftl  reaisluice  sbovm  is  neutntlizecl,  nnlecs  multiplying 
rstios  «re  employed. 

439.  MeASTKiN't]  ResKTAXCES.— F.tfictric  resistAnc«8  are  n)««- 
mrM  by  comparing  ^em  vritli  otiior  rDeiatauces  of  known 
omotwt,  nnd  the  procx»«ea  aroof  twu  kinds:  (j)  The  comparing 
of  curmtU  prodiic«<l  against  tlio  rcHtNtancee.  (2)  Tho  com- 
paring tbo  df<trie  prc/nret  oriH/frrnex  0/ polenlial  between  two 
OoudnctoTN.  Tho  tinit  syatom  m»y  bo  applied:  (1)  Ity  Obiu'a 
Uwa,  CK'cnlating  tlie  rcMStanet  fnm  tho  known  E  U  F  itnd 
oumnt.  (3)  Ity  observing,  with  k  galranomcter.  tho  cnrrcnts 
produovd  nudor  given  oonditionc;  tliun  ropUcing  tho  rcBist«tirc» 
to  ht  mewnrad  t>y  a  set  of  moMored  rMictonoee.  ond  altering 
tliAM  until  the  nmo  deAootion  in  obtained.  (})  By  a  diflprcntiAl 
galvanometer,  as  described  $  j6;.  This  procem  dcni-nilM  upon 
thu  lawn  of  derived  cironite,  and  directly  baloncca  the  carrcnta 
tbemvetvcs  apiinet  e>ch  other. 

440.  The  Wiieat^tosk  BniDOE. — The  Beoond  principle,  that  of 
oomparin^ polmtialt  purely,  n-ithont  any  reforonco  to  tlii>  evmnU 
pDtoing.  IK  that  of  tbo  Wheatttt^me  bndRe,  60  callod  bceaiuo  a 
oroM  circuit  is  prodnced  between  two  points  of  oqital  potential. 
It  id  also,  and  more  appropriately  called  "  the  balance,"  because 
that  connection  does  ta  truly  balance  tho  circuits  against  ouch 
other  as  the  weighing  balance  doNt  the  earth's  altraotion  npon 
bodies  on  its  oppceito  arms.  It  is  aUo  called  "tbo  parallolo- 
gram,"  becanse  it  forms  a  paialleloKrani  of  forces. 

_  The  principle  and  the  nse  of  the  iostrnment  is  extremely 
aimplo:  bat  the  bo^ks  make  it  a  very  mjaterions  subject  bnricd 
wiMr  algebraic  formula),  whiuh  make  people  imagine  that  it  is 
b<mal«ts  to  try  to  understand  it.  Tho  principle  ie  that  of  a 
BoM^f-Throo  sum  applied  to  the  law  of  derived  circuit*,  that 
tbo  oarrent  will  divide  among  all  tho  branches  in  the  invcrso 
ratio  of  tho  several  rceistanccfl. 

441.  Tho  distribation  of  potential  is  equally  simple,  if  wo 
dMrly  diatingniKh  between  E  M  F  and  potential,  with  thoir 
nUlion  to  current.  E  H  F  is  the  initial  or  exciting  cause 
Aliirting  at  the  rino  plate  in  the  liquid  of  a  galvanic  cell,  and 
nowWe  elte.  To  thinlc  of  E  H  F  as  existing  in  the  wires,  only 
oaoMa  oonfasion.  But  E  U  F  sets  up  a  molecnlar  straio 
tbrottghont  tho  whole  circuit,  which  constitutes  the  "  difTurenco 
of  potontial"  between  any  two  parts  of  the  circuit,  and  is  dis- 
tribated  (as  what  may  bo  conveuiontly  called  eltetrie  prcwuT«^ 
OTor  tho  circuit  in  exact  proportion  to  the  T^MslaaoM.  'VVva 
oono<»ptioi»  tmabi  potential  aa  single,  and  rccVoixa  iX  »»  "  t.'tanH* 
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eartli  or  sero,"!!  91  and  104.  But  as  it  is  *n  wtifloial  repre- 
seotation  of  Ihe  facts,  it  will  bo  vrell  to  ehovr  how  it  properly 
r^traenta  th«  oonditions  of  the  electric  oircuiL 

441.  WheieveT  we  opea  our  otronit,  vfn  &aA  «  potiitivo  and 
negatira  oouditiou,  a  4-  u>d  —  pole  of  equal  and  o)i|ioaite  forces, 
these  being  aimnly  the  opposite  faces  of  the  imrlicles  in  tho 
circuit,  ii  A2  ouil  1 24. 

Wo  should  therefore  begin  by  thinking  of  "  eleotno  preamro  " 
aa  twofold,  as  representing  the  opposite  stresses  of  these  tfartiolcs. 
Fig.  48  presents  this  view,  and  shows  how  the  furoe  in  distri- 
buted. AB  isthecironit(<.vbioh  isregardod 
as  a  reaiatanee  divided  into  10  eqtiol  parts), 
starting  from  the  face  of  the  liquid  A  C,  in 
contact  with  the  eino,  and  returning  through 
the  negative  plate  and  the  outer  circuit  to 
tlie  uno  plate,  B  D.  Treating  the  E  M  F 
as  a  unit,  and  calling  its  value  to,  we  liavu 
-f  und  —  pixMures,  each  ^,  or  a  dijftrtwv  oj 
potential  of  lOt  equal  at  the  point  of  origin 
to  thu  £  H  r,  and  drawn  to  the  snme  sealo 
as  ttio  rcoistaiioe.  Tho  line  0  D  is,  there* 
foro,  tho  lino  of  distribution  of  potential, 
which  ia  likewiHO  diridud  into  10  ^tial 
Iinrlii,  vertical  lines  from  wbiob  Hhow  tho  prevatire  exioiing  in 
any  i>art  of  tho  circuit.  Thus  from  any  points  on  tho  lino  of 
potential  C  i>,  lines  to  tho  lino  of  rceif-t^nco  A  B  wilt  cut  off  a 
resiatanoe  equal  in  proportion  to  tho  K»m  of  -{-  and  —  prcasarcs, 
included  in  tho  intcrmodiato  conductor,  and  acting  to  sot  np 
current  in  it 

It  should  bo  nnucmberod  that  the  actual  values  of  tho  E  M  F 
dud  pot«ntinl,  or  resiatanoe,  are  of  no  oonsequenoo.  Let  tbem 
all  be  great  or  all  small,  or  one  small  and  the  other  great,  these 
ratio*  or  proporlioni  will  hold  good. 

44 J.  As  yi't  we  have  regarded  Fig.  48  an  nprcsonting  a  whole 
circuit  and  force,  but  it  applicis  cjnally  to  any  fraction  of  u 
circuit,  llcmembenng  the  distiuoiiou  made  between  EMF 
and  potential,  yet  if  we  tikko  any  portion  of  a  circuit,  and  ascer- 
tain tho difToience  of  potential  betweeu  tho  cxtrx-mitic!*  of  that 
EDrtion,  we  may  regard  that  as  the  EM  F  acting  in  tlint  portion, 
ut  A  B  be  ouiy  a  tenth  part  of  tlie  circuit,  th<.-n  if  the  some 
total  K  U  F  is  acting,  the  actual  difierenoe  of  |iot«!ntial,  coiisti- 
tutiug  tho  force  within  thia  section  of  tho  circuit,  tiill  bo  only  i 
(egiul  to  ono-tenth  of  the  acting  E  U  F)  iuatt.'ad  of  10,  but  its 
proportioaato  distribution  ever  the  included  reeistanco  will 
Tomaiu  unaltered. 


444-  S'lt  furtlior,  thesft  same  conHitiuns  Apply  oqaally  if  A  B, 
this  jMrtioii  of  a  circiiit,  insbMi]  of  Iwiog  m  Mngl«  path,  bo  two 
or  many ;  the  toUl  current  will  dirido  itself  among  tho  paths 
in  thft  inverse  ratio  of  thoir  rMislanocM,  no  mntt«r  how  thc«o 
differ,  and  the  potential  will  bo  distrilnttud  in  each  of  lhc«o 
tlenved  eirrmttM  oyer  that  rofiiiitaaco  in  proportiooato  ratio.  To 
stiow  this,  it  is  more  oonrcnicnt  to  treat  tho  difforcDCO  of 
potential  as  single,  iDstcad  of  n  compound  of  +  and  — ,  oflpccialljr 
as  this  gives  us  oondttiona  which  onablo  us  to  compare  oloctno 
potentiiS  or  prtmn  with  Iho  pressuro  of  w»ter. 

Fig.   49  repreaeotB  a  two-branoh  circuit  with  the  aoveral 
prewures,  but  these  are  not,  as  before,  on  tho  same  scale  a«  the 
resist&Doe,  but  merely  proportional.    Xiot  ua  &r«t  reganl  tho 
lioes  A  B,  a  &,  as  vertioal  pipes,  con- 
nected to  the  Eamo  tcj^erroir  of  walor  Pus.  40. 
at  AD  elevation  which  prodncca  a  6nul 

Sna»Tire  B  C,  t  c  equal  in  both.  Now 
ividin^  the  lines  of  height  and  thoso 
of  prcB6uro,  each  into  lo  iiarta,  or.  what 
is  the  same  thing,  diridine  A  B.  it  6 
»r{nully,  wo  g<?t  lines  which  represent 
the  pieesure  exinting  at  each  lerel  of 
tlie  pipe«;  but,  let  na  now  flnppose 
that  ono  of  these  pipee.  instead  of  Uing 
vfirtica),  goes  from  A  to  0,  or  that  it 
Kooa  to  au^-  distance  awav  which  shall 
l<>ngthou  its  path  to  the  lerol,  or  let  it 
fdllow  the  doited  lino  between  tho 
seolions,  Btill  in  esoh  proportion  of 
length  Porresponding  to  tho  lorel  of 
tlie  verttoal  pipe  A  0,  there  will  be 
exactly  the  same  pressnros  in  A  U,  A 
(J,  and  a  h.  Therefore,  at  any  each 
level  or  line  of  equal  prcwsure  wo  might  place  a  croas-oonnecting 
pil)0  between  A  13  and  tho  other  pipe,  and  there  would  bo  no  tcn- 
dency  for  water  to  pass  throiigh  it.  But  let  a  connection  bo 
made  between,  say,  a  in  A  H,  and  ^  in  a  b,  and  water  would  pass 
■long  this  oonuection,  from  A  towards  1>. 

445.  The aa^ogy  holds  when  we  oonsider  A  B,  ab.toho  two  M 
electrio  oJKttJta,  blanching  from  one  coodnctor  at  A  a.  and  B  6,  1 
the  potential  is  the  same  at  every  ecjnal  proportional  part  of  tho 
le^tauce,  and  at  such  points  CAnnections  may  bo  made,  and  ^ 
there  will  be  no  tendency  for  electticity  to  poas  acrota  \>\«  ■ 
oonuection,  becanBo,a]tboa^?i  thero  will  bemci^i  %  S/svAxsax,-^  ^A^ 
taiApoiot,  it  will  be  met  fy  an  eijnal  but  oppoaUe  Ve^iftiiC'S  »■''■ 


tiio  other  end  of  tho  crosD-conncction.  A  (;alYanontGt«r  in  Una 
crOfK-oanuc  1.-1  ion  will  dhow  no  ourreiit  piiMiiDK  ;  an  oleoirvnteter 
i^-otiKl  show  no  nigns  of  charge.  This  will  Dold  true,  thonj^ 
the  ono  rcsiMlaiioo  ))0  a  thousand  tjiues  as  (treat  as  the  other ; 
still,  lit  tho  dofinite  proportional  puluU,  eqiisl  pre«Burea  or  po- 
tontials  oxint,  nuil  no  current  can  pass  across.  Fi^.  jo  show-s 
tho  lin«n  of  Fig.  ^g  amtngetl  thus,  ss  derived  drouits,  forming 
pirt  ■>f  »  msin  oircuit  fVum  »  battery.  If  a  oonceotion  wcro 
made  between  »uy  of  the  opposed  points  no  current  would  pars, 
and  it  would  divide  the  virouit  A  B  into  tho  four  arms  of  the 
bridge.  Fig.  51. 


Fio.  SO. 
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446.  CoxsTitDCTios   09   DntDOE. — Fie.  ^1  oxplnins 
iimipli-B  anj  applini  in  th«  ordinary  bnOgt;. 


how  thcso 
pniicipli-B  anj  applini  in  th«  ordiuarylin'Og);. 

Tlio  bittter^  wiru  are  Ivd  to  thu  two  screws  from  which  tlio 
two  bntnoh  circuita  +  BE  A  -  and  -j-UFC  —  start,  4-*"d  — 
being  points  of  equal  preiasure  for  botii  ciivnit«.  E  and  F  nre 
fixeupoiutit  in  either  circuit,  connected  toagalvanomott^r  which 
indicates  a  current  passing  as  long  as  K  and  F  are  not  eciualiiMnl. 
It  will  show  uo  action  when  the  ooudilions  of  balance  are 
fulfilled.  There  are  thus  four  bmnchea  produced,  and  au 
opening  is  made  in  eaoh  for  the  miriiuso  of  introducing  such 
resistiinoes  as  will  fulBl  the  conditionn  of  balance ;  thoso  condi- 
tions being  tliat  tlio  four  branches  nhaU  hold  among  tiiemaelves 
the  relationsof  the  elements  ofa  Huleof-Thito  sum;  as  long  as 
they  do  this  the  relations  may  bo  vuried  lo  tiuit  each  caso.  Let 
us  call  the  resistance  in  each  branch  by  the  letter  placed  in  its 
opening.    Thun  either 

1.  As  A  is  to  Bbo  is  C  to  D. 

2.  As  A    ..    C    .,    B  „  D. 

It  is  convenient  to  treat  one  of  tbe  openings  or  branches  as 

tho  unknown  reostanco  to  be  measured,  and  u  will  be  so  used. 

T/i»n  the  lair  is  that  this  resistance  (CJ  is  to  the  one  on  either 

tude  of  a  M  tho  0110  on  it*  other  sido  is  to  tlie  fourth.     As  a 
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OOnMqamoe,  whiMi  then  t»  Ixilitnoo  thr  tiatti^rj-  nml  pil- 
VBnoiaot«r  niajr  bo  vxobaBgod  iu  povition  wiUiout  diitumtig 
baUnoc 

447.  Fig.  5a  ahom  tbut  wo  havo  thtu  four  arraugnmCDta  At 
diapotul: 

I.  Equal  bnuichcs  and  equal  circaita. 
1.  UiM>qua)  branchM  and  equal  oircnita. 

3.  Equal  brnnchon  and  nn<.y)tial  circuits. 

4.  Uri>iuu1  liraochoa  and  iiiicqual  L-irciiiU. 
Fig.  j]  Bhovn  tbat  i  in  analofp>u«  to  Ibo  ordinary  weighing 

balanoa,  nnd  2  to  tbo  ordinaiy  «t«clyanl.  It  ithowa  alao  by 
inapoction  wbicti  cxitiiHtioii  in  thu  txiit,  fur  thn^ughotit  nlliiataTO 
it  will  bv  found  that  mluLtntiH  which  can  l>o  <:x]ircKm'd  Hymmo- 
trtcally  an;  Kuiicrior  to  thoM>  which  atv  irreguUir.  Ku.  i  is  tbo 
beat,  and  it  wUI  alwayN  be  found  that  lacaaurcmfiiita  made  witli 
kll  four  branchoB  alik«  are  moat  aocnrato.  Number  2  ia  uext. 
Thcao  are  liable  only  to  actual  errom  of  inxtnimonla  or  ol^serra- 
tiona,  but  in  }  i>r  4  thoao  onora  are  multiplied  by  wlutlever  ratio 
■a  «inployed. 

no.  51 


^^ 


448.  The  wholo  of  tbo  ))niicii>l»  are  exliibitol  in  Pig.  ^j 
The  line  II K  is  Iho  Ihtowttical  ten  0/  poleittial,  while  tho 
vertical  ItiHW  aro  teatet  0/  potenliat  con:«spoDding  to  A  B,  ligs. 
49,  CO.  and  alao  mark  tho  actTial  diflerenoa  of  pot«nliiil  inchidod 
in  the  bridgv,  which  is  completed  by  the  pointa  D  C,  as  ebown 
by  the  dotted  lines,  to  complete  tlio  four  arms  of  the  bridge,  Fig. 
51.  Aa  long,  therefore,  as  tliQ  poaittou  of  these  point*  kcopa 
the  line  J)  0  horizonlal,  that  is,  parallel  to  the  zero  llou  H  IS, 
th««e  points  are  equally  related  to  the  scale  of  potential,  and  no 
current  would  flow  alouf;  the  line  1)  C,  in  which  tlie  2alTaDo> 
meter  ia  ininrted.  But  if  the  proper  ratios  are  not  maiatuiw^ 
between  tho  armti,  then  one  of  the  pomU  D  0  ■WJiAA  t^mo«iw 
te  lower  liinn  the  other,  and  current  would  iuyn  V>  \X,.    "tiQ. 
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thcroforo,  exactly  rcisfiiibli^  a  baluomanu  in  tho  ordinaiyscaloe 
ftPT  weighing, 

44>>  The  gattanomefer  kLouM  bo  odo  of  a  rwistanoo  approxi- 
mating that  to  bo  meaenroci,  but  v«ry  MnaitiTO.  tfa«  needle 
closely  astatic,  and  stupetidvil  by  a  long  fibre.  Of  conrao  tliia 
c<lcnicnt  is  nut  etisooptible  of  miicb  alttration.  biit  for  small 
resistances  a  good  (iKtntio  galvanometer  suits;  for  large 
renistanccs  tho  Thomsoa's  rvfluctor  in  beet.  Tho  law  fdr 
nrrungenicnt  of  tbo  golvanomoier  rcsiKtADco  is  that  it  slioiild 
eniial  tbc  joint  roiuHtaiicoB  on  ntber  rid(>  of  it ;  but  ttie  best  iifo 
of  this  law  is  to  bIiow  witb  a  given  gnlTanonietor  wlutt  in  tbo 
most  iKmsitivo  arrangement  of  the  throe  lixod  brandioa.  Tboi'o 
nhould  be,  m  Hbown,  Fig.  Ji,  a  comma tator in  tho  gftlrAnometcr 
(tjniioction,  in  order  to  prevent  Ibo  needle  from  being  thrown 
aliuiit  by  nltorations  in  tho  branches ;  it  nteo  cnublei  us  to  iimko 
contucta  in  time  with  the  rate  of  swing  of  the  needle,  and  thUH 
either  to  keep  on  increasing  tbis  swing,  to  got  a  noticeable 
deflection,  or,  by  opposing  the  vibrations,  to  bring  tho  ncodlo 
(Illicitly  to  rest.  TiiiH  commutator  allows  any  inductive  actions 
(which  act  as  temporary  rceistAuccs  S  419)  to  occur  while  iho 
galvanoiueter  is  out  of  circuit,  Thore  sbonld  also  be  a  commu- 
tntor  in  the  battery  circuit,  to  allow  current  to  pass  only  when 
noed^d.toavoid  heating  tho  wires.  Forasimibtr  reason, as  well 
as  for  economy,  ax  sniall  battery  power  m  powiblo  should  bo 
wwl.  For  nil  Htiiall  nviAtanoeii,  one  ur  two  cells  of  a  good 
liiiltery  will  tmffio-,  but  laixer  resistances,  of  oourse,  ntiuiro 
incTv,  in  order  to  set  up  u  sul^cieut  difi'erencoof  potential  in  the 
wirCM,  to  allow  a  frmall  range  of  resistance  to  send  a  current 
through  tho  galvanometer.  As  only  momentary  cnrrents  aio 
iiovdvd,  A  good  manganeBO  cell  or  two  will  answer,  but  a 
biuhroniate  cell  is  gencmlly  usofuL 

4)0.  Fig.  51  is  necoMuiry  to.niaku  the  priuoiplo  of  conttnie- 
tiun  clear,  but  the  actual  iiiMtniiaent  need  not  take  that  form. 
So  long  a*  the  two  circuita  arc  prijpiirly  iinDvided,  tliolr  con- 
nections may  bo  umtnge<l  in  any  wiiy.  Thus  a  board  6  in.  x 
3  in,  and  a  doscn  binding  screwn  will  ninke  a  kridce ;  a  piece  of 
stout  nlicot  oopper,  3  in.  square,  cut  acroKa  diagomilly  and  boles 
drilled  near  each  corner  to  juiss  binding  Hcruws  through,  will 
make  tho  two  ends ;  and  two  slriiiH  j  in.  long,  ouch  containing 
throe  binding  Bcrcwa,  will  make  tlio  middle  portion  of  the  two 
circuits.  It  is  still  tuuro  convenient  nut  to  set  the  binding 
BcrewH  for  +  "-'"^  —  •  ^  '^^^^  ^-  >u  ibuir  places,  but  to  take  con- 
necting wires  from  thusu  poiul«  and  lead  them  to  a  pair  of 
aoronv  at  oao  end  for  the  battery,  and  a  pair  at  the  otiier  end 
Jor  tLo  galvaaom^iet.    A  moio  perEeot  uraii^ment  ia  to  lead 


4;j.]  DOQIILE  COUmrTjLTOB. 

one  of  each  of  tlicse  pnirs  of  wires  to  a  commutator  fixed  on  tlio 
stanil,  and  froci  thtro  t-)  the  bimliiig  iscrcxt'M. 

4;i.  7i4  hett  txmwuUUor  for  thi>i  imriioDo  is  mm  which  nutko* 
the  two  contacts  BtiCG««sively  witb  on«  touch,  m  Hlioirn  in 
Fig.  54. 

F10.M. 


A  b]ock  of  ebomtc  or  drj*  wood  is  cut  with  throe  stotiH,  and 
upon  eaoh  la  secnrcd  a  npnuij,  haring  a  etem  paeaing  ItirongH 
t£«Uodc  for  «  oondnotor :  on  the  faces  of  th«  uppor  two  Ki)rin(^ 
are  soldered  platinnm  coutact  pieces,  and  also  ou  tho  lower  &o»; 
of  },  and  tbo  top  of  thL-  ntnd  forming  the  foiirtli  connection; 
insulatinK  pivoofl  of  obonilu  aro  oenicnted  to  tho  faces  of  2  anil 

!, ;  1  and  j  form  part  of  tho  circuit  from  0110  of  the  battery 
tioding  fKTiivtH  to  the  4- or  ~  jtoint  of  the  bridso,  while  )  and  4 
BTO  iHirt  of  the  circuit  from  E  to  F  to  one  of  Uio  galraDomuter 
•crows. 

4;i.  Wo  luiro  tliiu  an  excellent  skeleton  of  the  hridgo,  which 
rvquiros  the  meana  of  filling  up  tlie  openinj^  A  It  1)  to  oomplcto 
it :  one  of  these  is,  of  goutho,  a  rosistaucu  coil,  $  4^7.  For  Uio 
other  two  opcuings  we  requEro  two  e()aal  or  pn>i>ortional  retust- 
anoee,  which  may  bo  mere  lei^ths  of  wire,  but  should  ho  two 
properly  fitted  roBistanMO,  variable  as  required.  The  best  is  u 
sot  made  like  the  resiHtanco  instrumant  itself,  with  1,  10,  loc^ 
ohms,  and  so  ou,  which,  being  ntado  all  continuous,  require  coils; 
I,  9.  90,  and  BO  on,  with  tbt*  power  of  throwing  the  required 
length  iuto  drcnit.  The  l>cat  plan  in  to  combine  all  those 
rcHtiitsnccfl  and  tbo  bridge  in  one  instnimcnU 

43J.  Combined  BaiDoK  axd  Reristaxcri. — Fig.  $J  shows  the 
ordinary  poat-ofBce  pattern  arranged  bo  act  as  a  Inidge.  The 
risht-hand  commutator  is  that  of  tlio  current,  from  which  it 
will  be  seen  the  circuit  goe«  to  the  middle  of  the  upper  line 
which  is  the  two  Tariable  rcaistanocs  (as  in  B  D,  Fig.  56).  The 
resistances  from  D  to  E  are  the  branch  A,  Fig.  57,  and  between 
0  and  B  the  branch  C,  the  mrstanco  to  bo  mcaxutcA.  "E\v<:i  \)Mft 
of  tha  iottmauat  ai»  tbo  eanio  as  that  to  >>«  n«:T.\.  &«eiCi'^o«A. 


ofthoparU  oorrwipuniU  to  tlmt  uf  Fig.  51.  so  that  it  is  eftey  to 
tnco  tae  couaectioaa  and  the  tnannci  iu  wVwU  tt<?y  fulfil  tlio 


D»niliUous  of  thi;  briilgo :  +  aud  —  aro  tbo  himling  kctows  Tor 
(he  Inttvry  wires,  and  thoir  counvction  nwy  bo  tnicwl  to  -|- 
within  th«  inGlmmont.  and  tbrongh  tlio  coninmbitor  to  —  st 
th«  other  end,  thoeo  being  tho  points  at  whivh  llto  roiil  bridso 
(the  dorirod  circuits)  oommonow.  B  anil  D  an;  tlic  two  Tamblo 
RSurtoDOM  of  «Bch  cinutt.  oao  of  which,  1),  \»  conttnuvd  throngh 
a,  h,  e,  if,  tho  rwurtaikco  mwmiTO,  ranging  from  i  ohm  to  ■  o,oco ; 
the  otlMT  br«nc4i  goc«  direct  to  E.  and  w  then  continued  to  R, 
which  fomiH  with  —  the  connoctiotiR  for  tlio  rt»i«(ancu  to  bo 
nicitfurcd.  and  thua  coiutitutMi  Ihv  fourth  brnnob.  Thu  ooutntl 
]M>in1«  K  F  arvoonnoctud  to  tbo  gnlvonoinotor  icrvwa,  ono  dirvot, 
tlw  uthvr  through  tho  comaintator  to  3,  which  with  R  in  tliv 
oonoectioti  for  tho  galvanometer.  Tbo  iiiKlruracnt  in  nlinwn  aa 
UTADged  for  ortlinar}'  mcwmromoota,  as  thou^li  niviuturing  tt 
ra[«tuioe  of  1  ohm.  Sy  moons  of  tho  inuUti>ljring  ratio*  it 
would  mcaauru  a  million  ohma  or  tho  thoUNandui  of  an  ohm. 
It  may  also  be  employed  lut  adin-otrMiataucetltrongh  Rand  ~. 

It  might  be  botttir  to  <liviil<>  tliL'  circlen  into  1 1  jiarts,  lo  as  to 
mako  eaeh  set  coninlutu  ivithout  tlirun-iug  any  othurs  into  »erie8. 
This  isdone  with  the  aingle-ohm  iiL>t,  as  otherwise  tliere  would 
alwaT*  be  khdo  difliculty  in  making  t)i>  even  uumben,  uid  there 
would  bo  I  ohm  short  of  io,o3o.  lor  convenience  in  n*e  it^ 
would  bo  bettor  to  plnoc  the  liridgo  u^ils  It  D  at  the  otli«r  end 
M  as  to  use  the  Iftt  hand  at  tho  vommutntor,  while  the  rigiit 
made  tho  requisite  obaogi-s  of  rcsistaiiocv  It  would  be  nu 
advantage  alao  to  make  openings  in  the  wires  B  B  and  —  s  in 
which  coils  oould  bi^  inKi>r(od,  odjuatod  to  bslauoe  tho  connoo* 
tionR  when  using  multiplying  ratios. 

455.  Thu  taoat  0/ eontlraelicn  in  identical  in  prinoiple  withj 
that  described  I  437  ;  Imt  lite  explanation  ia  given  here  how  to^ 
bnild  up  the  ootnplete  instrument  from  a  slnglo  standard  ohm, 
where   tlio  maker  has   not   another   Inatniment   to  copy.     A 
temporaiT  bridge,  snch  aa  is  described,  i  450,  in  ivfpiired,  and 
Kt  least  four  exactly  Himihir  wires,  an  conduutoiv  for  use  in  tlie 
openings  A  C.     Two  similar  wireH  nlionlit  bu  milderenl  to  F  and  -f* 
within  tlie  instraracnt,  unlc«n  luercnrj-  cups  or  binding  screws 
are  inserted  there,  an  thuiu  iirc  thu  otiirting  points  of  the  rarlous 
resistances.      To  u%'uid  confnxicjn  in  iliu  lettering,  during  the 
rest  of  this  description  thu  lotti>ni  which  itilato  to  Uie  lemporarjr  1 
bridge  will  be  envlusvd  in  t)rii<-kets.  ' 

Coniwot  tlie  iMllvry  and  galvanometer  to  tlio  bridge,  aiul 
place  the  standanl  ohm  in  (A)  with  two  long  wires  of  near  au 
ohm  Tvsistancc,  and  as  ncany  as  [lomible  alike  in  (B)  nod  (D); 
and  in  (C)  a  wire,  which  nuiko  to  balance  tW  <Mua.   'Svn* 
obMoge  the  wimi  (B)  and  (D)  ono   for  tU<j  tfCasit ;  \S,  SlttoT 
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wore  ozactly  nliko  (A^  and  (C)  sbonld  HtUl  balaaco;  iT  thoy  do 
not,  sliorUiD  on«  of  tho  vrirca  (B  I>)  till  boUsoo  ia  ngain  pro- 
duood,  and  asct^rtain  the  exact  difTcirni^o  of  li^ngth  neoemur  fur 
tho  purpoBo;  shorten  the-  wiro  by  hat/ihM  length  and  rc«ajiut 
(C)i  now,  if  caro  has  bcon  taken,  bnlnnc«  vriUbc  undisturbed 
vrhon  f  B  D)  aro  again  exchanged.  In  all  cases  this  must  bo 
onsunxl  before  any  rolinnco  cnn  bo  placed  upon  meAgnrea  takon, 
Mako  in  (C)  two  exactly  oiniilitr  ohm  coilH,  wliich  should  bo 
tevminatcd.  not  with  binding  iiercwK,  Init  with  No.  lo  copper 
wiixi,  to  go  into  tho  screws  or(B  I)J,  and  uscortain,  as  before,  ngr 
oxvbongnig,  that  Ihcy  aro  exactly  equal,  as  oo  this  wil)  depend 
tho  acoiirnoj'  of  the  inBtniincnt.  They  may  Im)  ioeorroct  ohma  if 
it  so  happens,  but  tbcv  wwi  be  cxacllg  atikr. 

These  buins  in  (B  f>j,  connect  the  utanilard  in  (A)  by  two  of 
tho  equal  eonaiicting  wires,  and  by  two  others  connoct  (C)  to  V 
and  +  in  the  instnimout,  nnd  luljuKt  tho  coil  of  D  i  to  odo 
ohm  exact,  inserting  the  shifting  oonnoetios  as  shown.  Then 
insert  the  oonnocting  wires  from  (0)  in  o  uid  i  of  a,  and  adjust 
tho  first  ohm  coil,  the  two  ends  of  which  ore  soldered  to  those 
connections.  If  mercury  ouns  arc  nscd,  this  in  done  by  amalga- 
mating tho  ends  of  the  conductors,  and  dipping  them  into  iha 
cups,  or  two  of  tho  conducting  wires  ean  have  pTuga  on  one  end, 
if  plugs  arc  nsed.  In  this  cose  it  will  bo  deeirable  to  b&V6 
holes  bored  in  tho  segmental  blocks  (corresponding  to  Fig.  4$) 
forming  the  ring  ot  connections,  by  which  to  make  direct 
oonnecUoD  to  each  Hopnratc  coil.  Serowa  may  afterwards  be 
passod  through  those  holes  to  aocura  tho  blocka  to  tho  top  of 
the  inetnimcDt.  If  other  ooDnoctions  are  uaod,  a  copper  wire 
should  bo  attached  to  each,  long  enough  to  be  eonvoniently 
attached  to  and  form  part  of  tho  condnctora.  Itepeat  tliis  with 
each  of  tho  ten  separate  ohma,  adjusting  them  odo  by  one. 

Now  disconnect  tho  standard  ohm  and  insert  the  two  wires 
from  ^A)  in  a  o  —  ;  and  those  from  (C)  in  -\-  and  F  as  before^ 
and  adjust  I)  J.  Then  including  n  o  to  10  in  (A)  make  in  (C) 
two  approximate  10-ohm  coils.  Plaoo  these  in  (11  D)  of  the 
bridge,  with  the  samo  prcoautioDS  as  Itcforo  of  exchanging  and 
equalising  them,  and  make  a  correct  lo^im  ooll  for  um  in  (A) 
of  the  bridge.  Using  this  as  tho  standanl  ohm  was  iiinkI,  go 
throngh  esacttv  the  same  «tae<:«  as  before,  and  aoadjnat  I)  10, 
6  t  to  10,  and  1)  jo.  When  uiim  im  done,  a  and  h  together  will 
fumi&h  tho  basix  for  a  loo-iihm  coil,  allowing  in  tb«  connecting 
wires  for  tho  extra  resistonoo  of  tho  fixed  connection  between  a 
and  Ii.  Go  throngh  the  same  pi-ocesa  with  c  and  d  till  the  whole 
/c^oco  ohiBB  are  built  up  and  those  of  D  completed  to  snch  extant 
,  ag  i»  tletuvd.    The  coils  of  B  may  \k  a^ao  %A^iutRd,  at  the  aamo 
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tiine,  and  in  a  simUar  maimer  wiUi  tboae  of  D,  1>y  uhIu^  tlic 
oonneotioa  iostoad  of  F :  but  it  wilt  be  tuudi  lietlcr  to  b»' 
tlieai  direct  by  the  iuslnuneot  itsvlf  agunat  those  of  D  by  cou- 
Dectiog  in  turn  in  B  —  the  stuitlanl,  lO,  loo,  and  lOOO  oLtn, 
coils,  and  opeDiu|(  equal  resistanccB  in  a,  b,  c,  d.  'llie  fixed  oon- 
tHWtions  shown  iu  tniok  linea  ara  senired  to  the  lower  face  of 
the  top,  and  aa  they  form  the  oloaed  circuit  of  no  (meaaured)  re- 
sistance troaa  F  to  — ,  the;  should  bo  of  tlie  8toiit«at  oo])[ier  oou 
Teuient,  stioh  as  No.  lO  doubled,  as  this  reatstanoo  is  a  souroe  o: 
iuaxxnncy  with  multijtlyiti);  ratios,  tiee  end  of  $  41$.  The 
eooneotioii  betwt-eu  K  and  K  is  to  be  also  of  oopper,  and  to 
exactly  balance  the  other  connection,  by  puttiiig  F  —  (tlie 
movable  oonDeotions  being  all  on  0  of  each  not)  in  (A)  of  the 
bridge  and  B  B  in  (C),  and  adjiiatinj^  the  lenglh  of  tliis  to 
balanoe.  This  ahoald  be  done  before  adjosting  the  coits.  If  all 
is  oonect,  with  t  ohm  in  It  and  —  and  ontt  ia  h,  a  hcd  ought 
to  babuwe  the  ohm,  or  euoh  multiplos  as  D  is  sot  at  should  be 
r*«iuire<1 :  which  last  is  unlikely  to  be  exactly  realized  by  any 
not  well  practised  in  adjusting.  In  each  of  the  sets,  care 
should  be  t&kon  that  any  little  rtsidnal  errors  should  bo  alter- 
uattily  opnosito,  so  lui  to  rectify  each  other  aa  the  resiatauce 
inetcaMa,  Instead  of  Uio  tttor  aocamulating.  \Vhilo  adjusting, 
the  greataat  can  inuat  bo  taken  not  to  bold  the  wires  in  the 
haa^  or  to  cxpOM  thorn  to  any  uu<.-qaal  heat ;  and  when  that  is 
necnstaty,  as  in  aoldttring,  to  allow  tliem  to  cool  perfectly, 
otherwiao  the  rcaiatanoa  inll  be  wrong. 

4j£.  In  UNing  this,  or,  indeed,  oiiy  form  of  bridge,  it  is  d»ir- 
able  to  make  it  a  rule  to  always  couiicet  tlie  battery*  and 
gulvuiionielttr  in  0110  way,  ho  tliat  the  dufleclion  tells  at  once 
wliullicr  Uu)  iMistanoe  la  too  great  or  too  small.  When  exact 
balaneoa  cannot  bo  attiiined,  aa  when  port  of  an  ohm  is  rei|uired, 
obaervu  the  opposite  dufli^ctioDS  produced  with  loo  small  or  too 
gnat  K«i»taiicti ;  the  differcDoe  will  show  how  nincli  to  allow, 

457.  ITte  BritiA  Amociation  Bridge  was  especially  devised  for 
adjusting  Htandiiid  ohms.  It  in  provided  with  a  length  of 
platinum  iridiuui  wire,  witli  a  scale  and  a  moving  damp  which 
corrvHi)onils  to  llie  (loiut  +  In  the  previons  flgnies,  and  by 
alightly  moving  it,  and  conaoqnently  the  length  of  wire  in 
tha  hronolica  A  C  elfoota  th«  purpose  described  for  oorreoting 
erroocoaa  wirca.  Then  i«  alao  a  Torersible  commutator  fur 
changing  the  ralationa  of  C  D,  aud  true  balanue  is  attained  when 
this  rcvcraal  produces  no  efloct  on  the  galTanomet«r.  There 
aro  a  variety  of  forms  dorisod  for  different  purposes,  but  th% 
piinuigdc  is  alike  in  all. 

4)8.  Cnm/riutrt  msy  he  used  instead  ol  twwsUti'w*  "vo-  ^2o» 


britiicbi'H,  and  an  dectroiuetur  iii  {ilaoc  of  the  g«lTaiiom«t«r,  for 
mL-.-i>iuriu>;  oapaoitie*. 

A  ulnphonv  may  be  used  iiitituad  uf  ft  galvanometer,  provided 
eittiur  thut  inturinittent  curmiita  ure  MaiiHtDg  in  tlie  brftnchctt, 
or  a  brvulc  to  produce  intermit tenoe  ia  intierled  iu  the  galvano- 
muu-r  drouit. 

4J9.  Variable  Rethtanett  are  useful  in  operations  where  cither 
a  de&tjite  uurreut  in  D^ided,  or  Tory  gradual  ohanges  have  to  bo 
made.  For  euoh  purposes  the  old  rheostats,  $  4]^.  are  etill 
usel^il,  but  they  havu  the  defeot  of  oauung  irrogiilar  junijia; 
two  wires  oau  be  stretohed  oarallel  to  each  other,  with  a  sHding 
oontact-pieoo  oonuoctiuf;  tlieiu,  but  this  also  gives  irregular 
contacts:  either  of  the  followiDg  plans  gives  a  very  steady 
action, 

(a)  A  strip  of  wood  has  two  V  V  grooves  cat  along  it,  as  in 
the  BUggeetea  ohiu,  S  42 1 ,  which  contaiu  luoroiiry,  the  ono  pair 
of  ends  fitted  with  oonuections,  and  a  sliding  bridge  of  ooppor 
wiro  joiiiiug  the  two  grooves  at  any  dei«ired  point. 

(&)  Two  gltiss  tubes  are  luouuted  vertically  upon  a  stnod, 
their  lower  ^ids  oontaiuing  copper  rods  attached  to  connecting 
screws :  two  straight  copper  wires  haug  in  the  tubes,  their 
upper  ends  being  solidly  connected  together,  and  fitted  with  a 
coni  passing  over  a  puUey  upou  a  frame  double  the  heiKht  of 
tho  tubes ;  the  tubes  being  filled  with  mercury,  the  raising  of 
the  wires  altera  tho  rcsialance  gradually. 

Tho  wires  should  be  well  vomishoa  all  over  except  at  the 
ends,  which  should  be  amalgamated;  carbon  rods  can  be  used 
instead  of  ntotal  wire«,  and  a  series  of  such  pairs  of  tubes  fitted 
upon  a  Btand  will  give  anj  convenient  range  by  proper 
■election  of  size  and  material. 

If  dMtired,  scales  can  be  placed  behind  the  vires,  and  the 
value  of  tho  elorations  marked  unoo  them. 

This  plan  may  oven  bo  extondeil  to  considerable  resistances, 
by  using  tubes  containing  sulphate  of  copper  and  allowing 
olectrol^'siK  to  occur  from  the  wiro  ends ;  but  in  this  ciiee  tho 
current  shoald  bo  Irequcntly  reTorsod.  A  simiiar  varinblo 
rosistanco  can  bo  made  with  a  long  trongh  of  oopnor  Bohilii>n 
with  a  plate  fixed  at  one  end,  and  another  niovabw  along  iho 
length. 

4G0.    Frru  Iiiffh  retitlaneei  can  bo  obtained  by  tho  method  of 

Mr.  S.  v..  Phillips:  a   piece  of  TOiy  finely  ground  glass  has  a 

coiitinuoiiH  lino  drawn  upou  it  as  a  spiral  or  cii-zsg,  with  a 

gouil  Miick  lead  pencil ;  tho  terminals  cau  bo  clamped  to  tt, 

pi«ferttb)y  l>y  iiolea  drilled  in  the  glass,  and  the  surGsoe  tat- 

aiahed. 
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I  iiaT«  mailo  hifi;)i  rctutanccn  of  a  lower  nnge  hy  aeouriug 
tin  foil,  finit  on  ttiick  papor  nntl  then  on  obonite,  auil  cutting, 
out  u  KpiTnl  or  KUE-mg  1ini<,  ko  na  to  leaTe  only  k  oontinnoNB  lino 
of  tbo  foil  of  Bucli  a  vri<Uh  ■«  miit*  tho  parpoie,  and  TamishJug 
the  irliolo  wlivn  qiiilo  dry  witli  mIivIIiicl 

Prolmbly  n  imfnl  rc«i»taiicv  might  bo  inado  bv  drawing  euoli 
linuH  npon  slna*  dr  ebonite  with  gold  hIk,  una  tlivii  applying 
gold  lc*f  or  l)utc1i  mela^,  in  tlio  mtoal  way  of  gilding. 

4$t.  Blati  lead  and  oilier  fomm  of  CArlmn  havu  iho  advautago 
that  thuy  vbitiige  resistaneo  by  tempuraturo  iii  tho  opjxwito 
way  to  RMit>Iii;  it  i*  llivn^fur«  pOMible  to  produce  Ti.-«itttanc<i<j 
nearly  nnohangoablo  by  tuiuporature,  by  oombiniiig  •  carboa' 
reHKtaDOD  witti  ono  of  ineu),  in  Much  proporlioa  an  to  nearly 
balanoe  eaoh  other  in  thia  rcapeoL 

463.  EvtD  the  common  black  load  pencil  ivill  produce  Tory  J 
oomvevdent  reaiatancea ;  the  endn  Hhould  bo  cut  aK  if  for  aw  afl j 
peocila,  then  soaked  with  ramiah  and  mivervd  with  koM  leaf' 
over  which  a  wire  is  retired  in  good  contact,  nod  uie  point 
of  tlie  pencil  nibbed  away  to  expoito  tho  bliic-k  lead  iu  cloao 
oontaict  with  the  gold  leaf;  a  coating  of  ooppor  being  d^joKit^^l 
makes  a  secure  end  and  good  oonn«c1ioti,a»da  length  of  Gcmau 
Kilvcr  wiro  Can  bo  woond  on  tho  pcDOiUt  for  tlio   p«q)Oiw  of 
Italancing  varialiun  ;  of  counwtheno  aro  not  ciuty  of  adjiintnicnt 
«a  tho  qiiidity  and  retuHtanoo  vary  a  good  dent ;  bat  llivy  may 
bo  JiMtful  for  many  piiriioaCM.     1  have  mode  KCvonil  giving  from 
90  to  ^o  ohniN  rwutanoe. 


CHAPTER  VI. 

4£j.  A  tiketeh  of  tho  general  principles  af  current  t-ldctridty 
is  fcirfiii  H  iC8-t7)  i>nd  in  H  416-422,  to  lie  fully  \vorkvd  out 
under  the  different  head^  of  I^orce,  Oondoction,  and  Current. 
It  it  better  to  reverse  tliia  order  in  oxamininK  Lbc«o  dotailB, 
booituso  Current  deals  ^th  aottial  tangilde  tuetu  ia  nature, 
while  tlie  others  are  iiiatt«rB  of  calculatiou.  Current,  in  oleo- 
trioity,  m  with  water,  meaos  the  rate  of  pasKago  of  unit  (]aantity 
aoroRt  any  Motion  of  the  Donduotor :  its  most  ilefinito  oviilonoo 
nnd  mcMure  la  the  chemical  actiou  prodnoed  ($  1G9),  wbiuli 
will  bu  dealt  frith  tn  the  Chapter  ou  Electrulyiiia. 

464.  Tho  torm  "current"  ia  derived  fiom  tiioold  fluid  n  otiose, 
nnd  originnlly  conveyed  the  idea  that  there  vnu  on  actual  traOB- 
iniKxion  i>f  tfiu  fluid  alDU^  a  oonduotor,  ooiToapoDdiiig  t-o  tho 
tluw  of  licniid  iu  a  pipe.  I'Uia  idea  has  be«n  sii|>en(Hled,  hut  is 
not  yet  liuQnitely  replaced,  beoause  we  do  ni>t  retitly  know 
whikt  in  the  inude  of  action.  It  appears  that  Uio  niont  prulmblo 
18  n  rotutiun  of  the  luoleoulea  of  matter  without  obann  of  placo 
that  the  quantity  or  rate  of  current  means  tho  numbor  of  Much 
molecular  rotations  oocurringat  a  GTOsa  section  of  tho  circuit,  and 
that  thin  again  may  be  related  to  either,  (1)  tho  nnmbor  of 
molecular  linoH,  fji  15  and  391,  along  which  action  oocurs;  or 
(3}  tho  nitt!  of  rotation  occurring  in  each  anoh  lino :  oaoh  rota- 
tion implying  a  twit  of  (poBaible)  ohcniicul  notion  within  tho 
conductive  circuit,  and  a  unit  uiaguetic  action  aronnd  the  drouit 
AS  well  an  a  statiu  electric  Etrcea  in  Ihe  inductive  field ;  the  two 
latter  absorbing  energy  at  tho  oomaieDcement  of  a  cuin^iit, 
which  it  returns  when  the  current  ceases,  but  in  uo  way  iu- 
fluenciuK  tho  current  while  it  reraains  Bte«dy. 

46;.  That  some  auch  action  oocuis  whor9  current  traverMex  an 
electrolyte  is  pretty  certain,  becaoso,  ns  the  two  halven  of  the 
rlcotrolyte  appear  separately  at  the  eleotrodea,  it  is  evident  some 
actiou  must  occur  in  tbo  body  of  the  liquid  which  enable  thorn 
to  ho aeporated. 


J 


46£.}  MKAKIXO  OP  COBROT. 

Sucli  aa  wtioD  nuty  be  reprccentcd  tbu« — 
'  ?  ?  4 


S 


IZn  Zn  S0«  II,  SO,  Cii  Cn  Cu  Cu  C«| 
Zn  Zn  SO,  U,  SO,  Cu  Cu  Cu  Cu  Ouj 

In  tlui  nppor  row,  brackvtit  1-5  kIiow  tbo  laolucalM  of  tbo 
nbatAucca,  1  boing  thu  xino  mirCiioo,  4  tliv  voppcr  electrode  of  a 
Dimioll  coll,  and  5  tbo  condacting  win :  uio  lowor  brackets 
■bow  tlw  now  laolcculoD  formod  by  ono  chumioal  reaction  which 
inpoJs  coorgy  (m  cxpUiiu-d  iu  CbMjitor  on  GMF)  into  tbo 
pour  lino  $  J91,  prodnoiog  «  rolatioiL  along  tho  whole  of  that 
lins,  which  is  "  cviront,"  aotl  tmnitmiitinK  enurgy  ae  n  lino  of 
fthufting  or  a  row  of  whcvls  woiiltl.  This  is  too  oleotrolytio 
action  :  thu  bwcr  lino  is  to  indioiito  tlint  tlio  samd  idoat  may  bv 
appliod  to  nti^tnllic  oonduotors  if  wo  conooive  tbo  torminsl  atom* 
01  two  linos  to  tinito  togothor  to  forai  frosh  moloentos,  instoad  of 
boooming  frt-o  m  in  pIcrtmljTiB,  This  oonooption  covcnt  nil  tho 
facts  vf  currant,  and  cxpluius  an  upimrant  tninsmissioii  of 
matter  with  a  real  tmnsmis-ioo  of  energy ;  an  apparent  velocity 
witbont  longitudinal  motion  of  matter;  and  tho  goncratioa  of 
lt«at  in  Iho  ratio  of  tho  "  square  of  cuirent "  or  of  tho  rate  of 
rotation, 

466,  A  new  doctrine  is  becoming  fashionablo  of  Into  years, 
d<insed  chieSy  in  order  to  bring  the  now  important  phenomena 
of  alternating  currents  under  tho  mathematical  syHtom.  It  is 
purely  iDisKinary  (sea  5  j  }o),  based  upon  Clerk-MaxwcU's  oloctnv 
nugDOtio  theory  of  light,  itself  correctly  dosorihrd  by  a  favour> 
abtw  reviewer  as  "a  daring  stroke  of  scientific  spconlatioD,"H 
■llflged  to  be  proved  by  the  very  little  ttndorstood  cxporimonta^l 
of  Ilertx.  nnd  supported  by  a  host  of  ossumpttoos  and  assortioua 
for  which  DO  kind  of  evidonco  is  offered  ;  but  its  odTooatcs  saw 
call  it  the  "  orthodox  "  theory. 

This  theory  soparates  tho  two  factors  of  electricity  ii  i^3lt 
and  declares  that  the  "  current,"  tlie  matorial  action,  is  carried  by 
the  "eo  called- condu ctor "  (whti^  according  to  l)r.  Lodge  oon- 
daots  BOthing,   not  oven  cm  impnlso,  and  acconling  to  Hr.B 
0.  Heavisido  is  to  be  regarded  ratiter  as  an  obstnictor),  liut  iba  V 
incrpy  leaves   the  ■•source"  ^bntlcry  or  dynamo)  "radiant  i& 
eioctfy  tho  same  sense  aa  light  is  rndiant,"  aooording  to  Professor 
SilvanuB  P.  Thompson,  and  is  carried  in  space  by  the  ether  *. 
that  it  then  "  swirls  "  round  (cause  for  suo^i  ftw\t\\\ii^  -ao  «■»» 
explains^  aad  Snde  its  way  to  tbo  conduotor  ia  \(^^<&  W  ^Am!(k 
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proJuoes  the  tnunot  wliioli  U  apparently  merely  an  afcen«y  for 
cleariug  tbe  ether  of  energy  which  leuda  to  "choice"  it,  wtillo 
the  coudactor  servea  no  ot^or  purpoiie  thsu  that  of  a  "  waste 
pipe  "  to  get  rid  of  this  energy". 

467.  The  ouly  titile  of  evidence  offL-rod  i«  the  fact  that  energy 
is  truusmitled  (but  only  aa  Blreases)  during  the  variable  period 
of  tlio  ooin  men  cement  of  a  cunent.  But  it  ia  a  known  fact, 
and  admitted  by  all,  that  no  one  has  been  able  to  discover  any 
single  trace  of  any  adioQ  in  epace  during  the  continuation  of 
steady  enrrent.  Even  the  known  rosea  of  feui.'h  transfer  are  only 
tDomeotarj,  while  conditions  of  stress  are  being  produced :  in 
no  single  case  is  there  any  evidence  of  its  passing  from  the 
"  suiirco  "  to  work,  it  is  always  found  to  proceed  from  the  con- 
ductor, often  many  miles  from  the  source,  and  the  agency  is 
alwayB  the  lines  of  stress  of  magnetic  force  or  of  static  induction, 
the  farmer  of  which  depends  upon  the  nnmlier  of  turns  made  by 
the  conductor  (the  ampere- turns),  and  the  latter  can  bo  traooa 
only  between  separate  parts  of  the  conductor  as  dilTorenoo  of 
potential.  On  tho  other  hand,  durine  steady  ciimtnt  wo  hare 
every  evidence  that  the  energy  of  the  source  is  wholly  oon- 
tained  in  tho  conductor,  and  issues  from  it  oithor  as  Iivat  pro- 
portioued  to  the  resistance,  or  aa  work  done  by  mechanism, 
which  ia  also  measurable  as  resistance. 

468.  This  much,  howcver.is  certain;  that  if  the  "other"  or 
medium,  or  dielectrics  carry  tho  energy,  the  practical  elec- 
trician mu»t  nut  imagino  he  can  get  nature  to  do  hia  work  for 
him :  the  ether,  &c.,  play  no  part  whatever  in  the  calculations 
ho  has  to  make  ;  whether  copper  wire  is  n  conductor  or  a  wanito 
pipe,  tiiat  ia  what  he  has  to  provide  in  ([uantily  and  quality  to 
do  tho  work ;  if  gulta  pcrcha.  &c.,  really  cany  tho  energy,  ho 
need  net  trouhlo  about  providing  for  Ihat  furpMc ;  ho  must  see 
to  it  that  he  providcH  it  according  to  tho  Deliof  that  it  prevents 
loM  of  current.  In  other  words,  let  theoretical  mathematicians 
doviso  what  new  thoorioa  they  pleaso,  the  practical  olcclrician 
must  work  upon  tho  old  theory  that  the  conductor  dovn  Ins 
work  and  tJio  msulution  prevents  its  lieing  wasted.  Ohm's  latv 
(based  on  the  old  theciiy)  is  still  his  safe  guide. 

For  tliis  roaaon  1  would  urgo  all  praotioal  electricians,  and 
all  studenta  who  de«iro  to  gain  a  clear  conception  of  the  actual 
operatioiiM  of  electricity,  to  dismtiui  from  their  minda  tho  now 
unproved  hypotheaea  about  tho  ether  and  the  alMtract  theory 
of  oonduotaon,  and  to  completely  maator  tlie  old,  the  nraoUcal, 
and  <!Oiiiiuon  aenae  tltoory  which  links  matter  and  energy 
to^lhi-T,  and  whioh  agrees  villi  nil  the  related  knowledge 
ifo  fosaveg  of  cbvmistry  and  mi%Uanic«.     Until  some  real  evi- 


J 


coNnmoKs  or  currcxt, 


d«noe  ia  oBbnA,  no  nutlter  wltat  eminent  men  aooeot  Uiese  new. 
DotkoB,  th«y  «re  no  mora  than  mii»telieve  hiMuedge — drafts 
npoo  the  tnoBttiy  or  scienoe,  witli  no  aaaeU  to  meet  them. 

469.  Let  us  nov  oonslder  the  eaaeutUl  foida  of  which  we  must 
take  acociant  m  order  to  understand  what  goes  on  in  the  circuit. 
VTehaTO— 

(a)  Curreut,  muaI  at  every  oroes  sectiun  of  the  circuit  {vih 
onoe  fully  eatabliHhvd),  includiug  the  source:  this  is  not  trans- 
formed into  work,  or  diiuiuiiihed,  onoe  aot  up,  by  any  of  its 
actiooB.     Thia  ia  admittedly  a  phenomenon  of  the  oonductire 
drouit  (see  p.  66). 

{h)  Xoffnelitm  existing  in  dosed  rings  in  and  aronnd  the  «on- 
ductor ;  equal  in  erery  part  of  circuit  in  like  condit^ona  ;  pro- 
portionate to  the  onrrent,  and  to  the  uumlior  of  tnmB  of  ihe 
Goodnctor ;  controlled  aUo  by  the  ma^nelanee  or  permeance  of  Uiq 
matter  influenced. 

Je)   CA«MiW  funeiiwt  proportioned  exactly  to  tho  current, 
1  rvlated  to  the  moleciiUr  structuro  of  iho  cloctrolj  tea  whioh 
form  part  of  the  conduottvo  circuit. 

(d)  Chtmeal  «nery>/  rrUlcd  aolcly  to  the  chemical  affinities  of 
tho  labstances  the  current  trarcla  by  and  acta  upon :  that  is  to 
say,  to  the  nature  and  fitructura  of  matter. 

(e)  Beat  developed  In  tho  condnctor,  proporlioned  to  tho 
"  resiatance  "  (or  non-condnotauco)  of  the  several  material  sub- 
ataaoea  which  form  the  circuit  i  that  is.  to  tho  nature  of  utattor  : 
proportioflotl  aifo  to  tho  square  of  tho  ourront,  in  perfect  analogy 
with  all  cases  of  rclocity  in  mcduinical  friction,  actrording  to 
tba  practical  theory.  According  (o  the  "  abstract "  hypothc«ia, 
it  iaa  pnro  wosto  of  energy  to  rulicvo  tho  medium,  and  pro- 
duco  tho  current  lut  a  mode  of  diMipaltiig  onoivy  uselessly. 

(/^  SUUU  tieririe  Urat  or  char^u  outside  tho  conductor  pro- 

Jurtionvd  to  tho  "  Toltage  "  or  E  SI  F  at  naoh  part  of  tho  con- 
actor,  and  specially  rclutod  to  tho  natuto  of  tho  aummnding 
di-«leclric,  thnt  U,  to  the  propertiaa  and  structure  of  matter 

(g)  Etctlrie  prttmre,  or  Rtress,  within  and  around  tlio  con- 
duotor,  Wtwc«o  any  two  of  itii  ]>arta :  proportiotwl  to  the  E  At  P 
or  diScrence  of  potuntial ;  to  tlw  iutervenins  rtxiataiice  of  tho 
condaotor;  and  meotnred  bj-  tho  alojie  or  fttllof  potential ;  Uiia 
ia  independent  of  tho  naturu  of  the  surnmndine  di^ectric.  but 
ia  th«  inewnre  of  the  energy  expeuclvd  in  taai  portion  of  ibc 
^rottit 

470.  It  will  be  noted  that  the  alruotarc  and  naluro  of  iliiTorait 
forma  of  matUr  play  a  prominent  part  in  moat  of  theso  funotiona : 
but  tho  proiM)>tic!(  of  "ether"  have  uolbing  to  do  Vw-V  u.vv'j  tA 
them,  csov;>t  on  tlic  puiv  uastimption  (^for  ni)  ou«  ov^t  V«a\f^  oc 
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ever  cau  lest  elhor  iUelf)  tb»t  this  vondcrful  *alctaoc«  is  a 
di-<Ueclricv  aitd  poaBeasea  nuit  caiiooity:  tbis  may  bei  or  may 
not  be;  it  is  a  mere  suttl«r  of  gatm,  or  of  unnmptioii,  for  the 
oonrcnienoe  of  Dulhemstical  opcnttiotit,  to  whicA  actual  truth 
mattent  iiotluni;  if  the  assutoptioa  ciMblea  a  thoorjr  to  ha 
worked  out. 

Fi«.  ST. 
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471.  Fig.  37  it!  iiitundcil  to  exhibit  the  proportics  of  tlio 
circuit,  on  the  "iiiacUeal"  theory.  8  rupreaciit*  tbo  "«mrco" 
as  a  tnrbinc,  for  Hake  of  tho  hyJiutilic  analogy ;  tho  arrows  e  0 
show  energy  Btipplied  from  withont  in  (ho  ciwo  of  a  stoam- 
driven  djrnsino,  hut  from  within  in  tho  ctMW  of  a  batter^' ;  the 
central  arrow  i»  iho  aitiial  Kj-mlml  of  current,  whilo  the  four 
internal  arrows  renreacnt  energy  iKKiiing  from  tJie  sourco  in 
both  directions  in  the  ci rant,  as  fiict  re(inin.«(iiee  5  lil). 

471.  The  student  meola  with  mnny  difficulties,  and  tJie 
firactical  man  is  Kiibjoot«d  to  many  niiaapj>rehei)sioiiH,  bocauso 
tho  tcnoH  used  have  altogotlifr  itltennl  in  meaning  of  lalo 
years,  and  do  not  o(inv<ry  tliu  ranio  hviino  «a  tlw  aamo  worda 
have  in  their  ordinary-  vtu.  In  tJie  older  work*  OB  Electricity 
"quantity"  and  "intonhity  "  ciirn-ntn  were  spoken  of,  and  even 
now  wo  occasionally  meet  with  ilio  unmeaning  words  —  Ibe 
"tensioD"  of  a  ourreut ;  all  tonnii  giving  the  impression  of 
some  diffor«aoo  of  nature  in  currenta  arc  Biuleadinj;.  Current, 
as  such,  has  only  one  quality,  ita  rate:  a  given  current,  that  ta 
one  which  will  producu  a  certain  deflection  in  a  particular 
gulvanomotcr,  or  will  dci>osit  a  certain  weight  of  roctal  from 
A  solution,  is  exactly  llie  samo  in  its  naturo  and  prnpcrtiea, 
whether  it  comes  (Vou  a  large  or  small  coll,  from  a  singlo  coll 
or  from  a  tliousund  colls  in  seriea.  But  tho  sumo  current  may 
huvo  different  offeet^  according  to  its  dennl^,  that  is  according  to 
ita  ratio  to  tlio  sectional  area  of  tbe  conductor,  or  its  quantity 


j»r  unit  of  area :  thia  influences  the  temporatnio  goiiorated  in 
mtroi  aad  it  of  stij>roiDO  impottanoo  iu  eTectrolysis.    Tbe  term 


47)i]  ooNDvcnoH.  248 

inlftmly  of  tvrr«tA  is  oxplained  §  405,  but  Bomo  writei-9,  anxiotia 
appatvutfy  to  add  lo  tha  oonfnsion  of  tenuR,  have  nsod  tliu 
dr«ady  misappliod  term  in  the  same  sense  as  ''density  of 
current "  is  u«ed  here;. 

47  J.  CosDucTios. — Ohm's  laws  or  formnlie  are  nniTeisally 
employed  by  electrici&uB,  bat  are  not  confined  to  eJeotricity,  for 
if  examined  tboy  will  be  found  to  express  the  common  fanda- 
mentk)  mechanical  laws.  The  relations  csUbliabcd  by  Ohm's 
3aw»  between  electromotive  force,  resistmce,  and  the  correut 
and  its  vrorlc,  arc  dimply  the  well  known  laws  of  meohanios  or 
the  relations  betTCoon  force,  such  as  gravity,  weight,  and  velo- 
city; nnd  (ho  forniidfl?.  are  merely  mathematical  expressiotia. 
Invaln^Mo  in  dealing  »'ith  the  modes  of  operation,  they  only 
delude  us  if  we  ri^gard  them  as  facts,  and  do  not  cloarly  trace 
out  th«  roMODS  why  thoy  arc  valuable.  The  importance  of 
thcM  ooiuiderationa  will  be  evident  if  wo  clearly  sco  that,  in 
oonacqucnco  of  miaiinderstttnding  this,  and  by  converting 
tutlMtnatical  formalre,  whtcb  arc  nothing  but  mmitnt  tnoU 
(appftntns  for  mochnniaJi  thinking  in  ■omu  Mnsc),  into  actual 
uoU  ftnd  thoorios,  electricians  have  actually  l)ocn  led  into  great 
erron  as  to  the  natore  of  the  oloctric  constants. 

Speaking  of  the  possibility  ef  utilizing  nkturml  foreee,  such 
as  waterfalls  at  a  distance,  that  omincnt  practical  and  theoretical 
electrician,  the  late  Sir  W.  Siemens,  onco  said — "My  critics 
have,  however,  fallen  into  the  error  of  overlooking  the  fact 
tliat  half  a  unit  rcsistanoo  is  the  same  for  a  circuit  capable  of 
working  ono  lamp  ns  it  is  for  working  100  or  1000  lamps. 
Eltttrinty  i»  not  contlucfcd  (i/wn  (he  eondilUm$  (ippcrlatninj  lo  it 
fife  emcffyin^  a  fondsrable  ftmd,  tho  rMistanoo  of  which  in- 
BTMaw  with  the  square  of  tJio  rolooity  of  flow.  It  is,  on  the 
contrary,  a  matter  of  indifference  what  amount  of  energy  is 
transmitted  threngh  an  «tc«trie  eonduolor;  tho  only  limit  is 
impoaod  by  the  fact  that,  in  transmitting  clvctrio  enorgy,  tho 
conductor  itself  rolAini^  n  o.-rtain  amount  pre^rlional  to  tho 
tranimittod,  which  makes  ilit  iipp<?araiice  therein  in  the  form  of 
heat."  Wo  hare  here  tnw  ilwtinct  statement*— 1st,  that  in 
electricity  a  rcnstance  is  the  Hume  to  all  currents  trausmitled; 
and,  tho  sentence  italicised,  tlint  currents  of  electricity  and 
currents  of  water  depend  on  diflfcront  laws.  Sir  W.  Ariniitroiig 
also  said  "  in  tho  case  of  n  fluid  canent  through  a  pipe,  tho 
rosistanco  to  tho  flow  incroasos  as  the  square  of  tho  vcloci^, 
whilo  in  tho  case  of  sn  otcctrio  current  tlirough  a  g)v«'n  con- 
ductor it  is  a  constant  proportion  of  tho  energy  tr.tiuimittMd„  %i 
far  tliDroforoas  resislaDco  is  concerned,  c\e>:lT\c\V^Wft  ^  ^cnX. 
sd notagv orer  imfcr  for  the  D-aDiuuiwtoa  o£  powti,"     K\s*»r«& 


«kotrician8  io  not  now  fall  into  ibis  orror,  but  fitutlents  *rv 
almost  iiuivei'gally  deluded  and  puzzled  hy  the  fact  that  the 
term  "  resielanco  "  has  in  electricity  a  inctuiing  wliolty  differeot 
from  tli*t  wbicb  it  t>eitrs  in  laechauicsand  in  ordinary  iauf;aag«. 
Evon  yet  ominont  oloctrioiana  wilt  assert  that  tbe  oondtictiou  of 
eloctricity  and  water  i«  different  in  principle  and  law;  bol  tbe 
direct  result  of  tJio  prinoiploii  now  to  bo  invostignlcd  will  be  to 
provo  that  teaiirr  in  piptv  and  clcclricitu  in  tcirtM  an  etmducled  iipwi 
idenlital  wndiliont,  though  by  oltogotuer  dlffi-ront  procoesca. 

E 

474.  Oiia's  Laws. — The  fundamental  cspreaaion  is  «  =  C, 

force  (more  corroctty  "  potontial ")  dividfld  by  reaistanoe  definea 
tbe  current. 

It  follows  that  anv  two  of  tha  dementa.  G,  It,  aiid  C,  being 
known,  wo  can  cnlctiUte  tbo  third,  luing  tbe  proper  uiiita. 

Currenl.     E  -^  11  =  0.    Forco  and  roaUtance  being  known. 

EUetromoUee  Foicc  C  x  B  =  K.  Current  and  reeiatanco 
being  known. 

ReaiBtance.  E  ^  C  =  K.  Thus,  witJi  any  cells  tlw  E  of 
which  is  known  in  voIrH,  dividing  by  the  current  in  amperes. 
givQB  the  total  rosislauce  in  ohms ;  and  dednoling  the  external 
R  we  get  the  internal  reoistanoe  of  the  battery. 

Energy  =?  C'.the  equareof  carrant,  in  unit,  or  unaltered  oou- 
duotor,  or  C^  X  It  as  agenoral  law  {voo  S  416)- 

It  KiHll  ho  ool^ii  that  C  and  R  are  each  tho  reciprocal  of  each 
othor  miiltiplieil  by  E  :  that  is  to  say  tliat  It  and  C  limit  each 
other  under  any  given  conditions  of  E. 

475.  The  usual  exprcisioo  of  tbe  meaning  of  iho  formula  U, 
OurreTit  ia  aa  the  Force  and  inveTiely  at  Ihe  Remlanee.  In  onlor  lo 
fix  tho  miud  upon  tbe  idoaa  I  wiab  to  develop,  I  give  thia  modifii^l 
dcfinilion.  Current  is  a»  the  £  Jlfi'(whicli  is  potoiUtal,  S  91)  and 
at  ilii'.  eondncling  an>atity.  That  wliicli  in  the  unuilI  oxprenKion 
M  railed  retittanco.  ia  simply  the  rteiproiral  0/  the  condii^linj 
cnpacily  of  tbo  circuit,  now  commonly  called  tlio  "  coiHtuctanee." 

476.  According  to  thono  relations,  C  varies  as  E,  bat  energy, 
HM  wurk  or  heat,  teliich  are  Iha  true  rc»ittaiu«,  varioa  aa  E',  that  in 
UN  the  aqaare  of  cither  0  tho  current,  or  E  tho  E  U  F  fn  unit  or 
any  unaltered  conductor,  and  alHO  oa  the  Bo-calltnl  TLiUBtance, 
that  is,  it  isinvcrxely  nsthCoonductauce,"  Thiaia  ihi;  ordinary 
luw^jif  mocbaniox,  iwy  in  frioliou,  where  work  abBorbHd  ia  aa  tlio 
square  of  velocity,  hitd  m  aome  other  clement,  anoh  nn  wi-ighl. 

477.  'llio  first  mint  aa  to  which  a  elear  uudomliiaihtig  is 
neoMBaiy,  ia  whetner  theee  symbols  E,  R,  and  G  have  any  rcali- 

t/as  bdbniii  thvta.    Do  they  Topreseutfacts,  andif  ho,  wliat  facts? 
Or  are  thoy  merely  iDAtboioatical  exvieeitiona,  aitnfilo  tools  of 
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tboimlit?     If  the  latter,  we  intiat  ctrefully  avoid  tbe  error  of 
mistaking  them  for  £ikcts,  lent,  like  the  iuooiit«r  Fruakeiuitoin,  ^ 
tbey  prove  too  mnoh  for  tb«ir  oreaton.     It  trill  be  Bum  oodvo^^ 
nient  to  esamiue  this  wbile  studying  Ohm'it  formulaai  a  wholK,  ^ 
tbau  to  treat  «aoh  head  ainf;ly  iu  ita  separate  ohapicr. 

476.  Eifilnmotiiv  For<e. — la  tbe  E  U  F  wiiiob  we  symboliM 
by  E,  cf<rrt«  ?  Let  na  see  what  idea  we  can  fonn  of  it.  An 
agency  tending  to  set  electricity  in  molioD,  or  to  set  up  that 
motion  wliich  wo  call  eleclricily.  ller«  it  will  be  eeeu  we  have 
two  oonaideratiouB ;  an  effect,  the  motion  produced :  »  cause, 
th«  foroe  producing  the  motion.  Of  theec  the  first  ia  of  necessity 
an  acttial  fact,  though  wo  may  bold  difiomit  ideas  as  to  whatH 
is  tlio  thing.  UutdoMihaniuw  cxUt,  as  a  special  force?  Thare^ 
are  actual  forces  having  rcnl  cxistoiioo,  ench  as  tbo  varioua 
attraotiuus  of  which  wo  may  tako  graritatiuu  a«  tho  typo :  those 
aro,  so  to  spoak,  self-cxistcnt — wo  know  not  thc<ir  cansos.  Riit 
^bien  aro  otltorageDcios  which  wu  udl  foroM,  yet  which  hare  no 
aotttal  oxistonco.  Thoy  aro  transfcmiations  of  energy,  and  arc 
fbroos  only  in  tho  matliwoatical  sciuic. 

479.  J9n«l^nn«nl  of  £  iV  ¥. — When  wo    diMCilvo    xino   ti>  a 
battery  this  lorco  makes  its  appearance,  §  164.    It  is  satd  by  ^ 
aomo  to  bo  duo  to  the  oontaot  of  tbo  two  diseirailar  motal«,fl 
Bnt  one  thing  is  oertain,  this  force  can  do  no  work  unless  it  ifl^ 
inaint«inuil  by  an  vquivalrnt  supply  of  energy,  and,  as  a  matter 
of  (act  oitMily  proved,  tbo  degrco  of  elect roniottv«  foroo  produced 
)•  moasumhle  in  terms  of  Uie  energy  tmusfurmwl,  set  freo  in 
the  chemical  oombiiiution. 

But  if  we  expose  tho  junctions  of  two  different  niotals  to 
heat,  wo  find  cleoUomulive  force  m-t  up  in  degrees  depending 
(i)  npon  some  inheront  property  of  the  metab,  and  (})  npoo 
the  diflei«noe  of  temporaluTe  produced,  which  means  in  fact  tho 
quantity  of  energy  which  can  do  thrown  into  tbe  circuit. 

Simitar  reeidta  are  found  when  we  examine  the  E  31 F  sot 
up  by  dynamo  macbinca.  It  bears  a  definite  relation  to  tho 
en«rg}-  expended.  We  find  also  that  though  elactromotiTe  foroe 
is  constantly  actin>;  Upon  the  circuit,  it  haa  no  aoeeI«Tatlng 
action.  We  theicforo  conclude  that  il  has  no  actual  existenoOt 
liat  ia  due  to  conversion  of  cnei^}'.  and  that  it  must  in  some 
way  be  equivalent  to  the  energy  which  it  expresses. 

The  effect  of  tho  ideas  about  to  ho  pr*«enti>d  is  that  K  SI  F  (or 
potential)  is  an  expression  for  a  meaauni  of  the  effort  of  eneivy 
to  become  kinetic  under  special  oonditions  of  tbe  molecular 
atructtiro  of  tho  matter  wita  whioh  it  is  nssociated :  this  effort 
ia  aunifostod  as  "  oloctric  premure  "  menaQToA  '\ii  viAla. 

^  ^*f  ojwwy  mag  be  called  a  force   viMvia.  v6  ca;v«^Na  **■ 
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Aeltlnis;  up  motion,  or  alt«riug  Uie  oondittons  of  motion  in  n 
>utu>a  of  matter.  Tliua,  if  we  take  a  ball  of  teuil  and  lut  it  fall, 
mution  is  iiuiiurtud  to  it  by  giavitation.  Wo  may  piuh  tlio 
same  bull  of  load  aloug  a  table,  or  by  muscular  encFKy  hurl  it 
to  a  difilanoc ;  we  may  strike  it,  as  a  orioket  ball  is  put  in 
uotiuu,  by  a  pOTOosstTe  blow ;  or  we  may,  by  aid  of  a  gun,  aet 
it  in  motiou  bj-  means  of  oompressed  air  or  by  the  explosion  of 
gnujiowdor.  In  all  these  oaaea  motion  is  produced,  and  wo 
"may  rail  the  SKonoy  in  ea«h  oaso  a  "  force." 

4S1.  Medianieo-molive  Force. — We  may  embody  all  these  In 
one  expression,  aud  say  tboy  are  due  to  a  *'  mechanici^mutlYOi 
force,"  tbd  iuU'tiiiity  of  wbidi  can  be  meosiind  by  ita  oapaoity  to 
produce  momentum.  Of  ooiirae  the  object  of  this  term  is  to 
obtain  an  exact  meohanioal  counterpart  to  the  eleotiio  exprea- 
sion,  but  this  term,  or  something  like  it,  has  actually  oeen' 
employed  in  mechanics.  We  hare  then  to  see  whether  this 
moohaDioal  analogue  is  a  force,  or  what  is  its  true  meaning. 

481.  Static  and  Di/namic  Force. — There  are  two  w&ya  of  treat- 
ing aud  moasuriu^  a,  "furcv."  (■)  By  Iho  j/rftture  it  jiroducea. 
This  is  a  static  aoti on,  and  it  moosDresa  force  as  a  degrte,  not  (is 
(luatitity.    A  force  so  regarded  isanabstract  property  vt  power : 
it  has  no  relation  to  energy,  bccuuao  it  doc«  no  work ;  thgngli  it 
has  a  relation  to  potenlial  energy,     (i)  By  the  motion  it  prodiiccH 
in  matter,  and  ttiis  again  has  two  aapaots.     1.  Velocity,  wliicli 
may  be  (Mineral  or  abstract,  as  in  the  case  of  the  foroo  of  (gravi- 
tation when  expressed  by  tbe  ordinary'  symbol  y,  moaning  ita 
capacity  of  generating  a  velocity  of  }2*2  feat  per  sooond.     3. 
Mommtam,  iu  which  the  fotco  becomes  coQcr^te  and  ^wrUitativt' 
by  the  introduction  of  unit  mass  of  matter,  and  onit  timo.    Bnti 
this  is  no  longer  troo/wM,  it  is  au  expression  of  energy. — of  the  I 
work  a  foroo  can  do  under  unit  couilitions.    The  dyne,  j  409,  is] 
such  a  force,  or  more  truly  a  mathematical  expression  for  oJ 
unit  quantity  of  force,  and  it  is  tbe  same  value,  in  reality,  as  the 
^V,  i  410,  the  unit  of  energy:  they  are  wmply  oxpre»§ionfi  fur 
the  two  aspects,  caute  and  ej^ett,  force  and  work,  whiob  of 
necessity  are  eqaal. 

4S  ].  Oravilalion  as  a  natural  force  theroforo  products,  1 ,  a  statio 
proBfliu-e,  2,  «  Telocity  (wiy  jj  foot  nor  mjc.),  j,  a  uiomentum  in  , 
a  moss  (nny  16  foot  llw.  per  eoc.).     It  also  produces  aaxleration, 
i  409;  tliat  ia  to  say,  acting  coDtinaounly,  its  oQuct  is  ai^cumif 
littivc     This  property  would  bo  importiint  in  a  troatiao  oa! 
tuochanicB,   but  does  not  nocoMmly   enter   into    the  ok-ctTiaj 
treatnMnt   of  force;  its  offuots  are   included    iu  the   aolnolj 
velocity  and  momentum  genorated.    But  it   may  be  well  to 
point  out  that  the  ordinary  conception  of  gravitation,  ns  duo  to 
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U)o  •ttruttoD  of  fbii  earth  for  ni»Tnl>tQ  Wlics,  is  mislMuItng, 
twoonso  iL  leoTvn  out  of  xiglil  tliu  pnrt  ptnyoi]  by  thu  M«oiid 
body  itaolf.  Tlio  eflbct  of  IhU  is  that  vrhilo  wv  (»ii  oxprem  » 
•pnng  or  steam  forco  lu  n  proxaiini  of  ho  iminj  ponuils  porj 
itcjuiiivi  inch,  w«  cknaot  «o  cxpniM  gmTitntioD  par  »c.  vfa 
iiliall  ilea]  with  tucli  a  protwurv  prwiciitly  as  "  head  of  wator,' 
but  ihiM  ta  a  comtioutiii  cxproiMoit.  BcsidoK  the  attraolion  of 
thu  i-urth,  it  inuludvi  thnt  of  the  walvr  ilMlf,  that  ia,  itH  own 
weight  (or  laoru  proporly  maai).  Of  couno  it  tti  porfootly 
known  Uiat  thin  attiaotion  is  icalljr  that  of  tho  two  maaaoa, 
earth  and  body ;  it  in  only  the  comniou  way  of  thinking  that  I 
re&r  to,  wfaioh  react*  Otch  iipon  ncionoc.  In  our  ullirr  ignorance 
of  the  real  caiute  of  gmvitatiOD,  wo  fix  our  itlitm  upoii  tho  mere 
massen  of  maltor,  and  hatuly  onrMlt-oa  with  thu  atubouiont  that 

it  ia — =j — ,  and  in  that  formnia  wo  bury  away  tlio  ngouoy 

iladf,  tho  most  perfect  roprceoctntion  wo  can  find  in  nitture  of 
an  omniprosent  oonteknuneM.  That  formnia,  like  the  identical 
ODCB  (or  olectricity, !  9fi,  and  for  magneti^iu,  j  t  >o,  shows  that 
lltese  ao-called  quantities  arc  really  Btnesee  or  attractions 
exerted  by  forces. 

484.  We  wind  tip  a  spring,  and  w«  know  wo  have  stored  our 
work  in  i^  We  wind  up  a  wi-ijjht.  and  we  know  we  liave 
stored  (mr  work  in  il.  We  apeak  of  "  ]iatential  energy- "  in 
botJi  ossoa,  but  ill  bow  different  a  manner  do  we  think  of  the 
twoaceociea:  one  aeeina  real  and  the  other  myiUical:  tho  one 
■wt  call  energy  of  «<ru*,  molecular  etrain;  tho  other  wo  call 
energy  of  poiitMnt.  Qut  let  na  oonoeive  a  rope  passing  over  a 
puUoy,  and  thence  to  a  wiuob  by  which  a  spring  can  bo  strained, 
or  wonnd  uix  We  have  bore  a  tangible  agent  to  deal  with.  Wo 
SCO  the  fltrainod  spring,  and  we  know  that  tho  sptin);,  by  virluo 
of  that  Eirain,  will  return  us  oar  energy  by  doing  work 
oqaivalont  to  that  employed  in  generating  tho  molecular  tlnw$. 
But  wo  rcplaeo  the  spring  by  a  mere  weight  which  wo  wind  nn, 
and  then  we  talk  of  onorpy  of  position.  It  should  bo  vioarly 
nalix«d  that  tho  two  conditions  are  identical :  in  winding  up 
tha  weight  we  have  in  some  way,  wboUy  unknown  to  ns,  put  a 
atntt  mpom  Ae  «arlh  and  stored  energy  just  as  certainty  ns  in  tliu 
•pring.  Wo  do  not  know  how,  bnt  in  come  way  tJic  force  of 
graTttation  ia  as  surely  an  cspression  of  energy  stored  up  in 
nutter,  a«  is  tho  attraction  exerted  between  two  electrio  ohargoa 
or  two  smgnetic  poles. 

485.  Tho  most  mnvenient  itlnstration  of  tho  mochanicAt 
cffoota  of  force,  is  to  bo  found  in  "  hydranlies,"  that  is  to  tay  i» 
tho  curronlfi  of  water  produced  in  pipes  hy  tbe  foioe  of  gravita- 
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tion,  which  furco  is  expressed  as  "head  of  water ;"  that  is  to 
my.  M  UiQ  hcieht  of  a  column  of  water,  sTip|>ooed  to  have  an 
nnlimitc<1  Bupiily,  which  is  capable  of  producint:;  Iho  required 
vfTocts ;  hcitd  of  water  is  in  fact  tlie  pr&dnct  of  tlio  attroctloiia  I 
oxortod  faetwoCD  "earth"  and  each  particle  of  wat«r  in  thM 
column,  and  thercforu  of  tho  maaa  contained  in  eay  a  olitmn  off 
unit  arc*.     Hut   thcro  aro   two  ditScultiea  in   applying   tho] 
illuBtratiOD  to  cluatric  cummta.     (i)  (load  of  water,  acting  uui 
a  "  nKMiliunicii-motivi!  force."  hasthccninulatiyoolfoct  of  "awol-J 
Walion"  which  dotw  not  occur  in  olcclnoul  actions;    (ij  tli^J 
frictiun,  or  true  reaistanoo  (i.e.  energy  vxpcndcil  in  niaintainina 
current),  is  mor«  complex  in  tho  ciuii»  of  wotvr;  it  in,  in  fac^, 
two-fold  in  origin;    thi>rc  is  tho  frictiun  within  the  niaaa  of 
water,  and  there  ia  tht-  slcin  friction  aKaiiiFt  tin?  pijie,  aiitl  Iheae 
two  do  not  iucr«aaa  in  the  aamc  ratio :  in  cloctriuity  Ihera  ia 
only  one  order  of  friction  rulatcd  iumx>ly  to  tlic  square  of  the 
velocity  of  motion,  t.  c,  as  0*. 

4SS.  The  fundamental  law  of  hydrauliof,  that  ia  of  "  current " 
in  tlie  case  of  w»tur,  in  that  the  t^hcUia  (that  ia  Gnrreuta)  art 
aa  the  tqaare  root  of  the  hraiU.  But  tlio  potential  energy  of  a 
unit  weight  of  wntcr  in  <i*  thu  hr.ad  or  height  of  (he  oolumn 
through  wliioh  it  falls,  and  llio  rcsalt  ia  that  M  or  mechanical 
moti%'e  force  oorrespODds  to  tlio  squarn  root  of  tho  potuntial 
atergy,  while  E  or  electromotive  force  i*  directly  aa  tho  enorgy, 
aa  will  be  seen  in  the  Chapter  on  E  M  F. 

487.  Current  therefore  is,  in  electricity,  a  rat«  of  action 
nvcasurablo  chemically  and  magnetically,  which  is,  hy  Chin's 
laws,  S  474,  generated  in  the  ratio  of  tho  K  M  F  or  pot«utia)  (tliat 
is,  an  tho  «nei^  available  under  the  couditions  of  tliu  «onroe), 
and  inteTK!;!  ns  tho  so-called  reaiatanoe,  i  47J,  because  thia  to- 
aistunotf  is  tho  arithmetical  reoiprooal  of  the  conductance  of  the 
circuit,  i.e.  of  its  capatdty  to  permit  tlie  at-tiou  wo  call  current. 

a38.  BaittaHOi  heoomaB  intelligible  when  thus  considcTcd, 
altoougb  it  ia  an  altogether  dllfcriiut  thiu};  from  what  the  term 
means  in  medianics :  the  conception  will  be  clear  if  wo  cunxidor 
a  conductor  not  as  a  whole,  but  in  ita  componcnta.  as  if  Imilt  up 
of  a  number  of  unit  conductors,  all  alike,  sido  by  sido,  and  each 
paaaing  oqual  current;  that  is  each  having  unit  Mj-Mfili/  and 
olFuring  unij  roaistance  in  tlio  true  sonso  of  friction.  It  then 
bucomca  obvious  that  the  law  of  tronnniaaion  (alike  for  water 
and  electricity),  must  he: — i.  Curront  is  as  capacitj/;  that  is  to 
Bay,  in  win.-s,  as  in  pi[iOB,  directly  as  ifftional  artti,  which  ia  aa 
d',  hecaiiHu  the  iquare  of  iSe  diameter  corratiionda  to  tho  number 
of  unit  eoiiduot*jrs  of  which  the  wiro  is  hiiilt  up.  2.  Current  is 
uiperft/y  as  recutflonce,  because  the  rcBLBtanco  is  inversely  as 
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capMCity ;  Uio  fowor  tlw  oonstitnont  or  unit  conductors,  tlie  tern 
the  apftdly,  or  gr«at«r  tho  reeietjtnoc.  }.  lUnatotioo  is  w 
lun^fa,  bcotum  doablinc  length  donblcg  tbo  true  mittanoe  by 
Kiviag  doablo  work,  nnd  therofore  lutlriiig  tJw  CA|>acity  or  eon- 
SwcteiiM  of  tb«  circnita 

489.  It  it  tbo  uniu  thing  ftrithmoticAlIy.  to  muUiply  by  a  ra/uc 
or  diridt  Ig  iU  ronprooa/,  so  that  if  wo  cat)  tonduflaHtc.  A  atid  its 
rteiprttcal  (tbut  i*  1  4-  A)  It,  tho  TXtanlt  E  X  A  is  tho  Muno  m 
E  ~  II,  vrhiln  thu  tretating  ibis  rvcipTOcal  i\»  tbo  runlity  htui  Uiu 
I'mctitnl  convcuioDUc  of  roiililiiig  iis  to  mo  ootuiil  Irngtha  of 
wiie  ugrL-eiiig  witli  the  figuroH  ;  l)ut  it  (Jtould  DOnu  tlio  T«M  bo 
denrly  nnderatood  thst  wliat  aro  cuUcd  "  redatanoo  mcwnirM  " 
are  truly  cMdueten,  and  re«llj  muenro  nothing  but  tho  con* 
duclana  of  tbe  wires,  &&,  with  i>.-hi<Th  they  are  co&ipurod. 

490.  Here  then  we  have  tbu  cxpliimitiou  of  the  vommoR  ttnto- 
tneot  that  eltwttio  Teaifitatice  Is  equal  fur  all  ourroiiU,  tliat  ia  to 
say,  an  ohm  is  i  oUm  icfii§tauce  lor  1  ainriere  or  20.  This,  tbo 
firststateiueut  quoted,  I  47}, applies  to  trio  arithmetioal  valuL>, 
tho  reciprocal ;  /or  a  unit  eonduclor,  pipe,  or  leirt,  ha*  Iha  tatue 
e^paeitu  for  alt  cttmali  ;  that  ia,  it  will  jtemiit  1  unit  current 
to  pass  under  1  unit  force  or  so  unilur  to  \iaita.  But  none  tlu> 
leett  it  will,  fcr  both  lealer  and  tleetridty,  retain  "  u  certain  aoiouDt 
of  eoergj-  proportioual  to  Ibat  traunniilted:"  and  that  !«,/■«■ 
tUetrieity  aa/vr  vaUr,  in  the  ratio  of  the  "  square  of  tbe  velocity 
of  flow,"  i.e.  as  C. 

491.  XUelro-motite  force,  or  potential,  is  generated  by  tlto 
energy  supplied  to  or  by  a  "source"  which  seta  up  the  ourroiit; 
it  is  manifested  as  a  "pressure"  nieasured  in  volta,  and  il  may 
bo  ODDvenieutly  called  the  roltayt  aotiog  in  a  circuit.  It  u 
wholly  expend^  within  tho  oircuit.  either  in  overcoming  ralat- 
kooo  or  in  doing  work  by  the  cironit,  which  may  be  expressed 
as  a  nsiatanco ;  or'olso  it  is  neutrjtieed  hy  an  opposiug  KUF. 
I'bervforo  it  diiianpoars  by  def;Tc««.  as  explained  3  443,  )a  what 
is  oftrn  described  as  the  slope  of  potential.  It  is  a  regular 
slope  (a«  shown  Fig.  49,  p,  337)103  utiifonn  circuit ;  but  whore 
a  Circuit  is  oompoaod  of  varying  materials  and  operations,  it  ia 
Blora  complex,  and  Pig.  ;8  will  explaiu  the  facts. 

Tho  circuit  ia  reprciu»it«d  by  tho  arrow  traversing  tho  source 
8.  a  voltameter  Y>,  and  an  electro-magnet  U :  tho  upper  figures 
roptcscut  oouuter  electromotive  foroea,  and  tbe  lower  ligtiree 
sliow  tho  rc«inLtue«K  of  tho  various  parts.  It  wilt  be  aoon  that 
voltngu  expended  in  B  forms  the  varving  slope  of  potential, 
while  volUge  lost  in  meeting  —  £  U  (*  disapiwars  in  vertical 
line*. 

TAe  gTtm  mergjr  repKseaU  8  volte   tho'wii  ■v6^\c«S\"S,  "A 


whidi  I  ■ ;  is  itbtorlied  bi  negative  reactions,  as  explaioed  in 
Chapter  on  KMF;  n  like  amount,  Tcpresenling  tbe  tauorgy  of 
wat«r  Aooompositimi  in  carried  off  ^y  U  and  0  in  tbe  voltameter, 
and  I  volt  oorre«pontbi  to  meclianicat  work  done  by  the  magnet. 
The  rosiHtanooB  of  the  several  parts  sbonld  amonnt  to  4.  olima 
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(Init  by  oversight  show  4-5),  sotliat  the  eonditlons  are  those  of 
tt  current  of  i  anipore,  by  Ohm's  law  £  8-4-5-1(4=  1 
ampere.  With  any  other  than  a  i-aniporo  cutront  tfao  ex- 
])eaditur(!  of  onoi;gy  as  C*  would  comnlicnio  tho  liguro«. 

491.  This  diagram  shows  |)Iaitily  bow  nttvrly  Hnnoccjisniy  it 
is  to  go  oat  of  tliv  conductor  to  look  for  tlio  vebiclu  of  tbo 
eneigr,  and  how  perfectly  tho  "  oommon-sonse  theory  "  covcnt 
the  whole  ground.  To  abow  this  it  is  necessary  that  tbe  soureo 
9  should  represent  a  galvanic  batter}-,  l»causo  then  tlie  energy 
is  derived  mim  tho  cirouit  itaelf,  and  not  from  mcohanical  power 
acting  throuuh  tbo  ageocnr  of  mogneta;  the  same  principle 
applies  in  all  cohcs.  but  in  tho  battor>'  it  is  obvious.  The 
gwesis  of  E  M  P  will  bo  fully  cxplainrd  in  the  proper  diopter  ; 
here  it  needs  only  to  refer  to  pp.  loi-j.  Tbo  KM  F  is  KJmtily 
the  energy  of  ohemioal  action  appearing  in  another  form,  ana  it 
apptart  onb  in,  and  n^ffncd  to  the  ehelrU  drmil.  It  never 
beoomes  raaiant  like  ligbt  or  heat :  this  is  no  mcr«  aseertion, 
but  a  demonstrable  fact.  The  energy  may  aud  does  appear  in 
two  forms  (see  i  164):  in  one  form  it  is  set  free  at  too  eiuo 
eorlace  us  lieal,  mdiikut  euerg}-  which  ooutribntes  nothinf;  to 
£  U  F,  and  which  never  returns  to  the  cErouit,  but  Is  disupated 
at  tbe  source  itself;  this  ia  what  ia  called  local  action.  The 
other  part  couiitituteti  E  H  F,  and  is  traceable  stage  by  stage  in 
the  oonductM  cmty,  as  in  Ffg.  )8. 
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It  is  a  m«ro  wanton  hypotlieiU  to  aswrt  (but  this  onorfnr 
leavoa  th«  souroo  "nduLut  like  LiKht,''  lli«ti  "switls  round 
without  nnv  new  foroc  applied,  uhI  <Uiitribnt«6  itself  »loiig  tho 
wbolo  Iviif^  of  tiiv  coiiduotor  from  onUido  spacie. 

49}.  Zlfitf  ettmiU  •»  well  om  tho  eaergy  tcotifiM  to  this:  pro- 
viding no  iMikkgo  ui  pcrmittcKl,  tlu!  drcnit  may  be  opened  at 
axxj  port,  even  m  tbouMnd  milua  frum  tbo  eonrco ;  at  every  such 
Mctioa  th«ro  will  bo  found  a  cbemiail  power  (4  46^  e)  exactly 
cqnivftlcnt  to  tiint  in  th«  »ourc« :  »t  evorr  ciicl)  point  cbomical 
Mwrgy  ('4^  ^)  will  bo  ro(|uired,  and  mippiiod,  varinlilo  wiih  tilv 
naturtM  of  tbo  partionlAr  uctioiut.  Thin  ix  intvlligiblo  when  V9 
reoognixo  tbe"cumnt"  w  a  moleoular  iDotion  prodiiood  byt^ 
•onrooiproMgalod  through  tho  oondnotor,  and  iMtftnnsiniltin^ 
and  expending  the  enorgy  m  reqnirod.  It  ia  attorly  iiniutoUi- 
gible  if  wo  ootuiider  that  tJio  carKnt  itHolf  tit  net  up  by  energy 
retumiiiK  to  the  ("oiiiluctor  bam  outer  space. 

4^.  Then  wo  have  tb«  magnetisiu  around  thin  circuit,  equal 
through  ita  whole  leugtb,  and  proportioned  xtric^tly  to  thi! 
currt:itt,  wbilo  the  eaeTKJ  is  variable  at  every  part,  according 
to  tbo  varied  oature  ofthe  mat«riul,  mtd  ovi-n  itA  diniviuionM, 
and  voriablo  as  tho  Aqnare  of  tbo  current.  Ko  intolligiblo 
cx[^anation  hoa  ercr  yet  be«a  offerad  (ia  one  poMtiblc ?)  of  tbo 
mean*  by  which  Ihiit  radiant  energy,  far  away  in  Kpace,  recog- 
nizee and  obey*  the  caUn  ii)ion  it  from  tbiti  ooudtiotor,  whi^ 
Dr.  Lodf;o  tella  us  "  couduuta  nothing,  not  ovon  an  impulMi." 
Is  there  tn  all  nature  n  single  inatance  of  such  action  on  th» 
port  of  radiant  energy  under  any  Icaown  form?  Does  Itght 
ever  turo  hook  on,  or  oaido  from  its  path,  nn1«aa  auine  oiit«ido 

rit  meets  its  laya?    Yet  we  are  told  authoritatively  tliat 
trio  enei^  does  so,  although  it  leavce  the  oourco  "rwliiuit 
exactly  aa  light  ia  radiant." 

49J.  Why  have  our  k-ading  profeeaora  been  led  away  into 
then  imaginatlouB  ?  BecMise  there  are  some  exceptional 
pheoooieDa  which  occur  at  the  setting  tip  and  c<«Katioii  of  true 
current,  aud  tbey  have  invented  these  uotiona  in  order  to 
make  one  explanation  nerve  fur  two  distinct  orders  of  beta. 
It  is  the  growing  importanoo  of  "alternating  currents"  aud 
the  fact  tiiat  they  are  not  oovered  bv  the  ordinary  Ohm's 
formube  (though  |)erfectly  subject  to  Ohm's  law),  which  has 
led  to  the  tuanu^ture  of  on  eatirelynewstyleof  malbeinatical 
bamees.  A  clear  ecraoeptton  of  Uie  dilFeTenl  functiona  of  the 
eomduetive  and  imdmctite  elrouits  (see  p.  66)  and  a  recognition  of 
the  foot  that  alternating  onments  (that  ia  tho  induced  currents) 
nro  not  pbeuomoua  of  tho  true  oonduotivo  cirenit,  but  of  tho 
indadioe  dreitil,  would  have  proTonted  onr  scientific  men  from 


L. 


abaodoDing  th«  tni«  ptiDdpIee  of  modern  scitrDoc  and  rorcrting 
to  tho  old  "  Bdeaoei,  falsely  so  oftUed  " — the  procww  of  rciwoning 
h  priori  from  hypothelic»l  data,  instead  of  by  indiictinti  from 
proved  facta.  But  tltoy  lunat  n«ods  protend  to  ftirnish  ox- 
pianktioms  of  things  they  oould  cot  nndorstand,  nnd  the  result 
18  th«  endless  invention  of  ftmctionH  of  tlio  cthur,  uhcmt  which 
thoy  knoie  absolutely  uotUing:  Ibo  tncro  cxistcnoc  of  whidi  is 
a  pure  hypothesis,  convenient  but  tinprovabto  oven  in  the  od«o 
of  light,  but  unneoeseary  in  any  otbor  ca«o,  and  dniwing  att«ntion 
away  from  true  knowledge. 

A^6.  Lot  HB  ezamino  tjieso  phenomena  of  ooinmouoing  and 
ending  cnmmts.  Any  proce«B  vrhich  is  nndtul  can  bo  TOprv- 
Hontvilby  n  cnrvci,  and  Fig.  ^9  repromnts  Iheso  foots. 
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Tho  lino  A  ti  is  the  period  of  a  current,  of  whiuli  tlie  circuit 
from  the  source  is  broken  at  the  time  D.  The  riaiug  curve  A  C 
is  the  time  of  development  of  current,  tho  pi-riiid  of  relaTdation 
(fwo  Sio?)  C  P  is  the  period  of  coustiuit  current,  in  which  the 
full  F:m  t'  is  acting  and  to  which  Ohm'a  formultu  relate;  the 
falling  curvo  FG  is  the  "  extra  current "  period,  during  which 
encTg)-  ntored  during  the  period  A  0  in  the  iuduotive  actions, 
returnn  to  and  booomcs  E  lU  F  in  the  conductor. 

497.  These  two  pcrioda  and  the  form  of  tho  curves  depend 
npou  tlic  nalura  aud  amngemont  of  tW  drouiUi,  i.  o.  npon  tho 
work  that  the  iwuroe  has  to  do  bufore  it  is  free  to  act  iu  tho 
conductor.  In  fact  the  energy  of  the  sonioe  has  at  first  seveml 
olaiiDs  upon  it,  and  has  to  satisfy  them  all  in  fair  proportions, 
ill  other  worda  it  has  to  sot  np  a  scries  of  a(r««w> :  let  ns  oon- 
sidvr  two  principal  out's,  as  in  S109,  a  closed  oondnotor  and 
a  oontlonser ;  tho  first  may  havo  a  rosistanco  of  1  ohm  and  the 
other  of  millions,  vet  ourrenf  iu  the  ono  will  rise  only  iu  exact 
proportion  with  akarge  in  the  other;  in  wnio  soDse  Ibe  con- 
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deaaer  acts  as  a  leak  iu  tho  miuliictor,  Wu  can  bunociro  a 
Bwebonicul  nnalnguc ;  vrc  cnn  cxort  a  pnll  at  &  difUnoo  dy 
HMHM  of  n  wins  Hoob  a»  bcU-wire,  but  it  wc  liavu  n  jutrt  of  tho 
vim  rupUovd  by  a  spiral  xpring,  w«  utD  no  longer  vxcrt  ibat 
niillin  fnll  foioo  tinfai  ik  Aunt  talitflad  lie  ttrettet  0/ Oie  tpriitg  ; 
if  wv  giv«  n  Korica  of  ptilU  uid  rol<i«8c«,  vn  no  longer  efloct  tfto 
Mmo  work  kt  »  dbtonoo;  and  at  each  inipulso  we  stoni  t:af<Tgy 
M  atroMM  in  th«  spring  before  we  con  transmit  energy  to  mo 
end  of  tbe  conductor — tuo  wir«. 

49S.  Here  are  ttnttea  of  three  dtaeripUon*  to  be  prodocod  ia 
the  electrio  circuit,  which  are  aiulogoos  to  this  elutidty  ot 
wbat  wc  may  mil  tlie  botl-wire  circnit. 

(a)  Tbe  moleoolet  of  tho  coD<lactor  hare  to  be  set  in  motion, 
that  motion  whi^  we  call  current,  in  order  tocoostilute  tho 
lines  of  poUriaation.  This  implies  that  a  momentou  mtut  be 
genentea.  in  wbtch  energy  id  storei)  in  opposition  to  the 
stieasee  or  forces  which  exist  in  thu  ontinary  condition  of 
matter. 

(ji)  The  tndnctivo  circtiit  mnit  bo  charged  (sco  f  459  /,  g)  and 
thu  ctorea  energy  in  very  rarjing  degree,  ncconling  to  the 
nature  of  the  Bommndings  and  tho  arrangement  of  tho  circuit. ; 

(e\  The  magnetic  powers  of  the  circuit  inu».t  be  developed. 

TneM  sereni)  stiwsos  are  inclnded  together  in  the  older 
phrasee  **  sclf-indaction  "  and  "  mutual -induct  ion,"  and  are  now  j 
usually  lumped  together  in  tho  U-mi  "  iiKtuclanctt."  As  they  are 
all  of  them  stomges  of  enorg;,'.  and  mi-aaiiralilc  together  in  one 
nnit,  tho  henry,  it  may  l)o  right  to  have  one  inclusive  term  : 
but  it  is  of  tho  utmost  importance  to  recognise  tho  essential 
distinctions  among  tho  oonvtitnonts,  nuMnentum  in  the  conductor, 
iWwfi'oa  ill  the  static  field,  and  mttipietaneo  in  and  around  the 
eimiwitor. 

499.  Returning  to  Fig.  ;9.  tbe  vertical  line  A'E  is  the  EMF 
of  tbe  source,  and  as  EMF  involves  two  distinct  lines  of 
tbonght,  pressure  and  energy,  I  think  it  wiU  aid  perception 
very  much  if  vra  uoo  different  terms  for  these  two  as[>ectsi 
toltagii  is  now  oiimmonly  used  to  indioato  electric  pressure,  and 
I  propose  to  UM  the  term  ro^tanoe  for  the  quantity  of  energy ■ 
whiea  i»  tJie  origin  of  £  U  F.  The  great  value  of  this  differen-  * 
Uatioo  wjU  be  seen  later  00. 

When  a  circuit  is  closed,  tbe  voltage  acta  upon  all  paths  open 
to  it  und  produced  the  stresses  of  }  4^8,  and  Fig.  ^9  is  intended  l 
to  add  the  indoctive  vork  to  tho  mere  current  curve  which  ia 
nminlly  given. 

The  sutce  inside  or  lielow  tbe  line  A  0  ahowa  the  energy 
cj[poadea,the  roK^ucelransformed  into  heat,  theH)Uiq;veinplogw|^ 
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at  each  instAot  in  piodaciiig  current:  tbft  apace  outside  tlie 
liiift,  the  dotted  ooDtmuatioiu  of  tlie  lince  of  fuHive  E  U  F  Kud 
current,  ahow  the  toltanct  iinaaiag  into  the  outer  atorers  of 
eii«r|;y,  the  inductauoo  nud  luaffnetanoe. 

Here  we  see  the  aottiftl  ohserred  conditions,  a  tranafi-r  of 
energy  into  surronnding  spue  and  matter,  Ixit  pTirt^ly  in  thu 
fiinii  of  atreeses  set  up  sgaiast  the  ordinary  furoee  of  matter, 
witli  no  action  wliateirer  outside  the  conductor  (except  work) 
as  long  as  stuudy  current  coutinuos. 

500.  Now  circuit  is  broken ;  the  preeaure  of  the  voltage  no 
longer  retiista  the  ordinary  forces  of  matter:  these  in  tarn 
hocome  pressures  or  temjiorary  roltage,  in  other  words  counter 
£  M  F  gradually  Tanishing  as  thiuga  return  to  their  normal 
tftatc,  and  the  Bt(H«d  Toltauce  returns  into  the  circuit,  producing 
u  continued  vaoiflhing  current.  Dnt  the  final  oarve  FG  noTcr 
fully  equals  the  current  lost  in  AC,  because  eomo  energy  is 
alvrays  oxi>ended  in  these  outside  operations,  as  shown  in  tho 
dutlfd  curve  TO. 

501.  It  luay  bo  well  here  to  consider  another  matter  which 
Fig.  ;g  makes  very  clear.  If  wo  place  a  good  galvanometer  in 
II  circuit  which  can  l>e  broken  at  different  rates,  i.o.  in  wbloh 
thi>  /rtqa^ncyof  intenuittAiice  con  be  varied,  uiid  of  which  the 
inductance  can  be  vuriod,  much  is  to  bo  loanit.  llany  years 
ago  I  mittlu  such  an  experiment,  using  a  cyliuiler  mounted  on  a 
shafl  driven  by  clockwork  as  the  break,  the  outer  surface  being 
cut  into  a  crawn  wheel,  it  spring  pruuing  upon  tho  continuous 
portion  and  another  npon  too  teotn,  whicn  were  of  ciiuaI  width 
to  tho  spaces.  Of  ciiurBO  tho  cffvct  is  that  tbi>  mrrent  only 
passes  during  exactly  liulf  the  time,  no  matter  ichnt  the  rate  of 
rotation,  and  ihorofore,  UHing  a  somowhat  heavy  needle,  though 
vory  free  to  mow,  tJic  rvadjng  of  current  must  be,  from  that 
cAHso,  rodoood  to  half  what  it  would  bo  wore  the  break  at  rest, 
and  full  carrent  passing. 

But  wlicn  the  break  avts  tho  current  reading  lowers,  not 
merely  to  half,  but  to  a  degree  mudi  grc<ator, according  to  tho 
npocd,  showing  a  new  action  besides  tbo  nrtual  oowation  of 
current.  But  now  running  at  a  fixed  fW^quenoy,  and  having  a 
8t<-ady  current,  let  «8  alter  tho  "  inductance,"  let  us  connect 
dilTercnt  condensors  which  have  nothing  nt  all  to  do  will)  the 
cirouit,  and  down  goes  tho  current  reading.  Lot  jmrt  of  tho 
wire  have  been  wound  into  a  coil  and  insert  iron  into  this  ;  down 
goes  tho  current.  Of  ctiumd  these  are  bnt  v<.Ty  crude  illnstm- 
tions  of  facts  now  well  known,  but  probably  many  students 
would  got  from  thcni  mnch  olesrer  idess  than  thoy  would  fruni 
long  dissertations  upon  "  self  induction." 
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JOJ.  TV  etim4il  Iheorii,  j  466,  ia  said  to  be  provod  hy  tht«o^ 
ftcU,  and  on  tbo  stroDKui  of  them  it  is  oasertod  thnt  Iho  cnrront 
commences  on  the  mmoa  of  the  oondnotor  (which  ia  probably 
true,  as  espluned  I  ;c£),  «nd  that  it  la  iirodnoed,  not  hj  «  atnu 
bom  t]»e  soarc«  vithin  ths  coodnctor,  but  by  atnanu  of  «ii«Tgy 
ontoHnf;  the  conductor  Cram  ootaide,  nud  at  onw  caoaplng  out 
again  uf,  hest 

Sir  W.  I'bonsoo  nys,  "When  the  ])erlod  ia  very  nuaU  oom- 
parod  with  400  timea  the  aqnare  of  the  snuilldAt  dUin«t«r, 
mnltiplicd  by  its  tnaf^etic  p«niie*bilitj:  and  divided  bv  its 
electric  rMiRtiviiy,  tlte  cnrrent  ia  confined  to  an  exceedingly 
thin  sarfooe  Btratum  of  tlie  oondnctors,"  iind  moreover  it  is  not 
proportioned  to  th«  condnctaaco  of  the  whole  coiidnotor,  but  to 
tliat  of  this  thin  strftiuni. 

If  tho  reader  will  make  a  OOpy  of  Fig,  59,  fold  it  On  il*t4f  on 
the  <Iott«d  middle  line,  and  pass  it  into  a  afit  iu  a  onnl,  ha  will 
■CO  tbo  reoMn  clearly ;  by  dran-inE  it  into  llio  oanl  wu  alter  the 
time  or  froqnoncy,  and  whi^n  the  lines  0  and  F  doqio  t»getiier, 
vro  have  a  pnro  waro  just  equal  to  the  full  jiower  of  the  aouroe. 
As  we  continno  to  draw  in,  we  increase  the  frequtMicy  and  lower 
the  wave  (i.e.  tho currant),  and  wooaa  go  on  doing  this  till  wo 
havo  hardly  any  cnrrent  at  all  in  the  cooduotor,  though  we  may 
have  plenty  of  acttoii§  extomal  to  it,  in  tho  forra  of  "  induced 
cnrrrnts"  and  Blatio  phenomeaia. 

50J,  Iiyi>nAL-uc  AsALooT  of  OoxBEin'.— Aa  stated  i  485,  tlioio 
are  boido  dilI!Bre»oe«  in  the  condiiioDB  relating  to  the  flow  of 
wat«r  in  pipes  and  tbo  transmiauon  of  electric  current  in  wirco, 
which  must  bo  taken  into  account  when  we  trace  out  the  strong 
analogy  which  exists  botwoen  the  two ;  that  simply  implies  that, 
aa  in  all  other  cases,  wo  lutist  distinguioh  analogy  from  identity, 
and  while  wo  may  learn  mnch  in  noting  tlte  points  of  reaem- 
btaaois  wo mnst  clearly  ecn  tl»c  iliflorcnws  which  exist,  Tho  tnio 
analogy  is  not  with  such  asyKtcm  of  pipes  as  wo  have  for  supply 
of  water.  Tho  water  leaves  these,  which  ctoctricity  dots  not,  and 
it  carries  energy  away  with  it :  the  diSbroDoo  in  tho  nature  of 
the  frictionnl  rDeistanco  is  mentioned  S  485,  and  this  aSects  all 
canes;  but  tho  tmo  aniili>guo  ia  to  be  fonnd  in  the  hydraulic 
syKtema  for  tranrmiitting  pciwi^r  and  doing  work.  ITero  wo  havo 
a  cloned  circuit  in  which  the  water  circulate*,  closely  resembling 
thi;  eWtric  circnit,  in  which  Uio  engine  and  pump  corrcH|iond  to 
a  galvanic  battery.  Wo  have  not  only  the  water  circulating 
without  diminution,  as  is  tho  ease  with  electricity,  and  serving 
as  the  agent  for  c-onveying  energy,  bat  wo  hare  -{-  and  — 
pressures  in  tho  ptpcM  shown  by  gauges,  just  as  the  eleotio* 
tacter  shows  them  in  Hw  oirctiit,  and  we  have  a  "  slopo  o  I 


potatttial,"  a  gradual  azponditnro  of  cnorgy  and  accompanying 
loM  of  presture,  identical  witli  those  of  vicctricity  shown  in 
Fig,  sfl. 

;o4.  Bat  we  have  ncithinff  U)  oorrcspouil  with  the  indnotancQ 
and  magtietauoe  of  the  eloctrio  circuit,  and  we  have  tfa« 
momentain  element  largely  incrawod.  It  was  the  same  with 
electric  currenta  at  fint;  it  waa  only  when  telegraph  oablos 
began  to  be  uwd  that  " Tetardatioii '  nas  noticed,  and  only 
whon  coils  for  producing  indueod  currunta  became  of  iuterest 
that  the  iaductaoco  of  electrio  circuito  wm  Btndied.  Ilydraulio 
cirouils  aa  nracticAlly  UMod,  oomjxiaed  of  rigid  atool  pipesi  do  not 
intmilnoo  tne  ooTTvaponding  oondittons  which,  as  shown  $  497, 
would  involvi;  daatiatg  in  tlio  conductor  or  pipes.  This  would 
be  a  Mci'ious  pntclionl  evil,  though  the  aocuiiinhitor  docH  rcuilly 
iutrodaooHDiothingof  thoeort.juat  as  thelly-whcul  does  inina- 
ohinery,  for  in  botli  of  these  a  rosiatance  is  introduced  to  absorb 
enoray,  whicli  i»  given  up  when  tlic  source  acts  Ichs  stningly. 

\io  can,  however,  introduce  this  ctemeiit  for  the-  piirjKwiii  of 
theory.  Wv  nvvd  only  to  conceive  a  strong  iiidiurublicr  pipo 
nsod  in  place  of  tlic  rigid  m«tal,  in  which  a  certain  amount  of 
vxpaiiHioii,  proportioned  to  the  pi'essurc  and  to  tho  «luaLicity  of 
tho  pi^M),  would  aoconiiiaiiy  the  propujpttion  of  ourrcnl,  and 
ninintain  an  "oxtni  oucnMit  '  when  the  source  oututud  to  opoiate : 
the  cunditions  than  are  perfectly  anatogoud  to  (lio«o  of  an 
oleutrio  circuit,  although  the  process  in  one  case  is  purely 
mechauicHl,  while  Ju  tho  other  it  is  molecular. 

;ot.  These  conditions  are  »liow:i  in  Fig.  60.  C  is  tho  pijie  in 
wliicb  is  inserted  th«  eouroo  S,  a  turbine  to  set  up  a  current  in 
tho  pipe,  drawing  the  water  in  on  the  —  sidu  and  forcing  it  out 
at  +.  W  ii  a  muilar  tnrbino  driveti  by  thu  current  and  doing 
external  work,  corresponding  to  oiUior  a  decompOMtion  cell  or 
magnet  of  other  illustmtiouH.  Each  revolution  of  S  sets  iu 
motion  a  unit  volume  of  w«tcr,  which  travorses  every  seotiou  of 
the  pipe,  with  velocitin  varviiig  acoi^nliDg  to  tho  CToes  eectioDS' 
when  these  are  unequal,  ciactTy  as  iu  tho  eloctrio  circuit ;  in 
neither  use  is  tho  quantitative  clement,  water  or  electricity, 
expended  or  converted  into  work :  Lite  turbine  W,  would  be  aet 
in  motion,  and  we  oonunonty  say  that  it  is  driven  by  the  water, 
(uid  truly,  in  tho  same  venue  that  wood  is  ont  by  a  kjiifo ;  but  in  , 
nudity  it  is  neither  the  water  uor  the  knife  wiiicli  acts ;  they  are 
Kimply  modes  by  which  fner'jij  is  eu^bled  to  act :  in  like  manner 
oleotnc  current  doo*  nolhinjt  itself  (except  as  regards  chemical 
aottona  wbero  tho  molet-'ular  breaking  up  is  a  function  of  the 
current  itself)  but  it  transmits  and  applies  tho  energy  derived 
from  the  source. 
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Tbo  fiilt  lino  Barroauding  the  oircoit  is  iiitoulwl  to  roproMUt 
aa  inttial  preuure  put  upom  tb«  pipo  to  eoablo  it  to  oontnflt  aa 
well  w  expand  ;  it  ooireqn&da  to  zero  poteiiti*l  ia  the  «l«otrio 
ciionit.  Wh«n  the  eoarce  oporalos,  this  line  of  prvumre  is  con- 
TCrted  iDto  a  "  slopo  of  prcesuro  "  in  the  <Iott«u  lino  I*,  n-liich 

Fm.  UO. 


exactly  oomMponda  to  the  "  clopo  of  potootinl "  in  electricity, 
&ni1  in  ix-hIIt  varinble  according  lo  tho  conditions  of  the  circuit, 
exiuitly  fts  uiown  in  Fig.  58  for  cloctrio  cnrrent.  Tho  hydniiiHo 
circuit  corroflpofids  in  every  wjiy  witli  tho  olcctrio  cironit;  it 
may  be  Hnbdividud  into  nuiny  courmtn,  each  <luing  it«  portionlar 
work,  and  tltvao  will  in  ntl  i«spoctii  rmeinblo  "  dt-nTwl  circuit*  "* 
in  otiMtrioity,  mmI  act  a»  described  in  $3  4^1-446 ;  mid  tho 
tnrbino  S  oorrcii[)ODdt(  to  the  »nu  aorfouo  in  u  Iiattory,  aiMiding 
enorgy  into  the  circuit  by  means  of  a  "ourront"  diatribnting 
■tnasM :  like  the  cvlht  of  a  battery  also,  tbia  aauroo  may  bo 
subdivided;  inatoad  of  one  powerral  turbine,  several  may  bo 
used,  and  ntay  bo  Joined  up  in  '*  arc,"  increasliig  flux  but  not 
pnssuTo,  or  in  "•eriua,''  inereaiuDg  pressure  but  not  flax,  except 
•8  a  oonse^uenoo  of  the  presniire,  the  iiuinber  of  Tevolutiona 
agreeinf;  with  tlie  chemical  eiiiiivalent  aottona  in  all  respects. 

505.  Wo  may  now  find  in  tlio  hydi-aulio  circuit  Ihu  very 
phenomena  desoribod  i  50J.  The  first  action  of  the  source  is  to 
Mt  tip  a  prewuie  in  one  direction,  and  a  suction  ot  —  prEomro 
in  the  otlier,  the  iwo  uuitint;  to  priHluce  tJie  direct  motion  of 
current  in  the  watt;r  and  th<t  oppiisito  curves  iit  the  elastio 
ooodiiotor  of  Fig.  60.  But  this  takes  time,  and  we  have  to 
oonsidsr  oonditious  of  the  "variable"  [>«riod  laoh  ns  i)ruduua 
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tho  ruing  wave  of  Fig.  59.  Tboro  is  tbo  iocrtia  of  the  vrnter 
(o  oTercomtN  and  also  tiw  cxpiiDHion  of  ttio  pipe  to  be  effected. 
The  firat  aclion  would  Buck  wnli;T  from  tho  —  Bido  of  tho  Booroe 
and  force  it  to  tbe  +  ndo ;  thoro  wotild  bo  a  local  current  cloee 
to  the  aonroe,  but  none  in  thi;  circitit.  Now  this  is  just  what 
hflppens  in  the  clootric  circuit.  If  a  long  Bubmarino  cable  is 
coiled  in  a  tank  fall  of  water,  a  current  may  be  sent  in  at  ooe 
tud  and  may  not  appear  at  the  other  for  Bomo  seconds;  nay. 
eovoral  BurocBBiro  momentary  curronte  may  be  sent  in,  and  wUl 
leave  the  otiior  end  in  sttccMaion,  at  waves  or  impiilsee. 

TluH  is  a  cmnliing  fact  for  the  now  doctrines  i  466 ;  if  the 
energy  trnvolx  iiiA  the  outer  medium,  producing  the  current  aa 
an  action  from  out«idc,  a«  ssscrtod,  it  has  only  the  tank  to 
traverse,  witJt  tho  vclooity  of  light,  and  tho  wiro  ia  evct^'whero 
acccsaible  to  serve  as  the  protonded  "  sink  " ;  the  action  onght 
to  be  instanlancoiie.  The  "  rotatdation  "  is  intelligible  on  tho 
oonimoD-eonee  theory,  that  tho  action  is  wholly  oSeotod  by  tho 
oondactor,  and  has  therefore  to  bo  limited  by  its  tmall  cross 
Beotion,  while  tho  energy  is  continTiously  drained  away  into 
the  inductive  and  magnetic  fields,  eo  that  current  is  only  pro- 
pagated in  the  conductor  when  these  are  charged,  after  which 
they  moke  no  further  claims,  and  steady  current  goes  on  unim- 
peded, and  equivalent  to  tho  whole  of  the  energy  which  tho 
Bonroccan  snpply  under  tho  condilionK  of  conductance. 

507.  Thc«o  phenomena  an>  iUuulxated  by  Fig.  61.  G  shows 
the  pipe  expanding  under  prcasuro  tranaiuilied  grndually  its 
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the  inOCtla  of  tho  water,  shown  by  tho  ahailcd  porUoii 
OTBioHMl  this  will  obvionsly  K«ult  in  the  double  COOMBh 
and  in  a  hmw  »ti's  fi<"wii(  preceding  tho  formation  of  true  current 
just  as  stated  by  ^ir  Vi.  Thomson.  S  ^02.  Unt  tiiis  does  not 
rcsnlt  from  energy  mlering  /rem  outtiae  :  Iho  cnetgy  is  within, 
but  there  is  also  a  resistance  within  and  an  outlet  and  claim 
from  without,  and  tliceo  rveult  in  tho  phenomena  obscrrod,  an 
in  tbo  case  of  the  cable  in  the  tank.  The  now  notions  are 
mere  wanton  usumptions,  and  they  cannot  ntop  at  oloctrio 
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onmnta:  the  thcoriats  will  hnve  to  mnintain  thut  bydranlio 
pipM,  Buchino  shafts  Mut  liclting,  do  not  Iraogmit  energr,  but 
OEUT  Bern  ae  sinks.  Wu  nro  getting  near  to  this  wheu  tlicy 
clum  that  lh9  other  is  th«  root  etorehonM  of  «Mtfj,  and  that 
"oosl  mwt  bo  regarded  as  a  ntcro  maahinefor  extracting  enersy 
firoin  th«  etUor,"  Into  sitch  q>ingni)rc«  of  thonp^ht  m«n  mnst  be 
led  who  follow  ihn  Krill-o'-thD-wis]^  of  h,^'Tothcsis,  instead  of  the 
safe  liRht  of  knovrlcilgc  nnd  rxpcrimontal  fact. 

joS.  Indueed  enrrf-Hf*  will  botrratcd  under  the  head  of  elcotro- 
magnetism,  but  Ihoir  fiiodamontal  laota  may  be  ezamiiicd  here 
aa  part  of  the  same  thMivtioal  subject.  When  a  current 
appean  in  a  oondnctnr  not  connMtod  to  a  souTce.  whut  ia  its 
ongin?  This  involniN  two  constdorations :  thofHmtif,  which  iu 
this  oaae  is  not  derirod  from  the  source,  bnt  is  |^nerat«d  by  ait 
action  from  outside ;  and  Uio  enorgy,  which,  both  as  a  fact  and 
by  the  law  of  tho  conitvrvation  of  energy,  is  derived  fVoia  the 
Boar<w  and  is  ttausmittvd  by  no  obriuns  agent  to  Uie  separate 
circuit. 

This  ought  to  be  clearly  undorstood,  because  it  u  the  one 
bit  of  fact  which  the  new  theorists  offer  as  evidence.  Jo  a 
discnsaion  in  the  "  Electrician "  apon  the  subject  with  me, 
Prof.  Bilfanwa  P.  Thonipimu  say*,  vol.  xxvii.  p,  -H,  "I  propone 
to  show  that  there  are  certain  coses  in  wMofa,  beyond  oontcvt, 
tho  energy  is  tranafiTrcd  fioiu  the  source  to  the  work  ucroM 
the  medium.  I  ehall  sliow  litis  where  there  is  no  metallic  or 
other  oouduotor  which  oau  posUbly  effect  a  lou^ituditial 
transfer,  and  lu  which  therefore  the  transfer  is  lateral."  His 
ariRimont  is  that, as  such  cases  are  csrtiin.  "one  i«  logicnlly 
dnvcn  to  the  conclusion  that  in  all  cases  the  mode  of  trsnsfw 
is  tho  same." 

The  argument  is  plausible,  bat  fuils  wholly  for  three  reasons : 
(i)  tho  aaaumcd  sequence  is  not  a  logical  necessity,  lu  we  hare 
no  right  to  assert  tliat  there  can  be  only  one  dimIiu  operandt; 
M  tho  oouditious  in  the  two  casee  are  wholly  dinereut,  for 
whore  the  transfer  exists  no  flux  is  produced,  only  a  momentary 
action  due  to  stress:  where  there  is  continuous  action  of  tho 
aourco  it  U  admitted  by  all  thai  there  ia  no  evidence  of  any 
ttmnsier  of  energy  in  space,  and  it  is  certain  that  no  oiinent  is 
pTodnoed  in  any  conductor  not  connected  to  thesuurocj  (j), 
and  moat  iiupiirtant,  th>*re  is  uo  eridenoe  al  any  tim«  of  tranKler, 
of  energy  din«t  from  the  source.  Prof.  Silvanua  P.  Thompson 
gave  a  nninbcr  of  ilUialnttiuns,  in  every  one  of  which  ihcencirgy 
was  obviously  derived  from  a  eoudtiotive  circuit,  and  not  by 
any  ndiaot  notion  from  the  source  direct.  In  fact  there  is  no 
abglo  case  ia  wbioh  there  ia  any  reason  to  suppoM  tho  onorfgj 
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or  infliivnci!  rcai-hvii  tbo  work  except  hy  the  aj^Lcy  of  a  ol 
ounductivu  circuit.  Even  tii  th«  c&ttn  of  tbo  U«rtz  experiment 
irhich  nru  ni>  iifUin  awierted  to  prove  the  new  tltcorteit,  (he  very 
opIKnito  is  t}io  trutb  ;  the  «(ittun  never  proceeds  from  the 
"  Bouroo'*  of  energy,  but  alwajB  thruugh  iutormedUteappttnttua 
wbioh  flota  up  couditions  of  inductance  and  maffnetatux  nroiind 
tt  conductor:  the  Hertx  experiiuc-Dtit  relate  to  phenomena  of 
iiiducttuiou ;  ordiiutiy  iuduoeil  ouitcdIh  are  phenomena  of  inag- 
netaiice;  hnt  both  are  ouly  muuieutuiy  oonaurinonces  of  the 
"  variable  puriod." 

;o^.  I'l-of.  Thoaipeon's  prittdital  argnment  relates  to  *  ooil 
of  wire  A  oonuectod  to  a  source,  and  a  similar  ooil  of  wire  B 
jiaiallcl  to  it  connected  to  a  ^ranometer:  aa  we  all  know, 
oiirrent  is  produced  in  It  when  circuit  is  closed  or  broken  in  A| 
and  in  some  way  or  other  energy  has  passed — not  from  the 
source  to  B.  but  from  A  to  B.  Now  what  in  tbo  mode  of 
truiisfti'  ?  hft  us  place  B  in  some  position  not  paTallel  to  A, 
say  at  right  angles :  Ibis  clinuge  in  no  way  alters  its  relation  to 
the  "source"  or  its  position  among  the  imaginary  "rays"  of 
energy,  bul  it  instantly  htops  the  action.  Kow  pHSs  a  cun'od 
piucu  of  iron  tbruugU  thu  two  coils,  and  action  appears  Ogam 
more  strongly  than  befoie.  Here  we  have  by  acluul  experiment 
tracked  the  CL-urae  of  energy  transfer,  not  lo  the  tpace  betuiem  the 
aanriK  and  B,  but  to  tlio  mngnelio  l^notions  of  the  conductor  A  ; 
we  have  aclion  in  B  nhon.aud  only  when,  the  magsetto  oircoit 
sot  np  by  A  tlircada  the  coil  B. 

510.  Wo  have  precisely  the  same  princdplcB  at  work  in  Fig.  £i, 
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wbieh  U  a  diagiam  of  an  induction  coil  or  tranvformcr:  tho 
two  coils,  a  conseotcd  to  tho  source,  the  primary  conductor, 
Ej  tho  separate  secondary  wire  connected  to  a  galvanometer, 
wound  parallel  to  a  upon  a  cylinder  N  S;  the  coiL  are  jnst  m 
distinct  as  if  thoy  were  on  sopanite  oorea. 
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Everjr  on«  knows  Uwt  wlien  oirouit  is  olosed  in  <t,  a  momootary 
onmnt  in  tho  oppoaite  direotion  formH  in  b ;  at  break  in  a,  a 
Boaeotorf  current  is  produood  in  &  in  the  same  direction  aa  die 
primary  cnirt- ut ;  but  aa  long  aa  steady  oanent  oootinues  in  a 
no  ai^  of  currant  i^  found  in  b,  bnt  the  whole  energy  la  fooad 
M  hiMt  in  a.  Now  ia  it  pomible  that  the  energy  comoa  from 
the  nuroe,  onteting  tho  conductor  a  from  outaide  and  producing 
currmt  in  a  as  a  mere  sink  ?  If  bo,  wby  doea  it  not  avail  itsolf 
of  &  also?  h  ia  an  even  batter  sink  tban  a,  it  ia  a  constantly 
oloaod  circuit;  it  can  turn  this  wandering  energy  into  heat  jnat 
as  well  as  a  can.  Uow  does  this  energy,  ia>}iiiat  »xacUy  aa 
light  is,  diatingaiab  between  tfaeao  two  sinks?  Why  dooa  it  go 
only  to  the  cxindnctor  (which  oondacta  not  oven  an  impuUo) 
connected  to  tho  source  ?  Surely  if  the  oiirmnt  is  a  product  of 
the  enoi]gy  sooking  diasipation  in  the  "medium,"  both  wiros 
would  be  atilizod. 

The  real  oxplanation  ia  to  be  eoaily  found :  the  cnnent  ia 
generated  inabytlio  actions  dc«cribc<dS49z ;  an  eacential  aonom- 
panimoot  of  ourrant  is  magnetism  around  it;  this  in  eonoea- 
tratod  aa  maonetic  lines  of  force  in  N  S,  compWted  in  oloa'^ 
(drooita  outside  the  ooil :  all  the  apace  and  mtttcr  around  N  S 
ia  tnflucncod,  and  booomw  magootically  poUrimd ;  but  o<jiially 
an  inuvitablo  acoonipttnimrnt  of  magnetic  {KiliitixiUion  ut  ihu 
fonnatiou  of  electric  polarity  at  right  angles  to  tlio  magnutio. 
Now  the  wire  b  is  a  cloaod  electric  circuit  at  right  anglos  to 
the  magnetic  polarity  of  N  S.  and  of  necoasity  a  niotnuntary 
cnrrvnt  acconipanioa  the  act  of  polarization,  and  ceimuH  wliun 
that  action  ix  compteted,  although  the  atrcM  wkich  prmluoeH  it 
is  KUitoincd :  ciirrt-nt  is  a  phenomenon  of  molovulur  auiliont,  not 
of  mere  atrutacN,  of  etreasea  only  while  they  protlmw  motion. 
Whoa  the  atreaa  ccaaea,  the  ordinAry  force*  of  matter  reverse 
the  motion,  and  tlw  euetvy  charged  in  the  atreaa  paaaes  into 
any  available  conductor  ^in  tli:s  oasi<  really  a  alnk)  iu  which 
current  can  be  gcuerntad.  In  Fig.  6t  it  so  liapjtcus  that  the 
ooil  b  ia  paniUol  to  a,  but  that  is  n  luere  incident ;  as  seen  §  $09 
the  thinv  of  consdjueuce  ia  that  it  ia  at  ri^bt  anglca  to  N  8. 
Let  NS  be  a  ring  and  the  coils  d,  h,  may  t)0  in  any  pusition 
whatovcr  oa  regards  each  other,  so  lon^  as  both  are  at  right 
angles  to  K  S,  wUioh  oitrrieit  the  oner^  issuing  from  a  to  charge 
the  moguetaoce  of  N  S,  a  part  of  which  magnetanco  is  the  pro- 
duction of  i^ectrio  current  where  suitable  oondiiions  exist. 

511.  IxDDCCD  HvDRAiJUc  CURUKNis. — It  IB  Important  to  note 
that  we  can  reproduce  all  this  in  Itie  hydraulic  circnit.  I^t  us 
plaoo  two  aueh  drouita,  aa  shown  Fifj.  63,  in  a  closed  case  which 
prewos  them  together ;  one.  A,  contaiuiug  the  soitrce,  the  other. 


IJ,  cuntninini;  tlio  workiag  turbine.  Diroctlj-  A  natumcs  Um 
taper  fi'iiu,  it  will  bo  foTwd  into  tho  esiuo  taper,  rovcnod  U  in 
electricity,  and  a  momcutaTy  curront  will  ilow,  CMuing  m  long 
AH  itoadv  BtKM^s  is  maintained  in  A,  When  tlio  Bouroo  ovohoii 
to  act,  tho  olasticity  of  tho  pipes,  the  analogue  of  inductance, 
will  catifio  a  temporary  curront  to  flow  in  both  piped.  By 
intcntiittin;;  roponled  actions  of  this  ][ind,neoneiiof  altcmnting 
CuiTcota  ooiild  bo  produced,  with  all  tho  oSbcbt of  " oaoillution 
and  tho  other  phononicna  which  aio  familiar  in  oJcctrical  drcnita. 
Coiresponding  inalnimonta,  aucli  aa  coiumutatoTK,  would  1k> 
nocdoa  todcalwiih  suoh  curronta  and  cuitblo  tbom  todowork, 
ftud  tho  dilfoTcnco  would  bo  merely  tho  rnto  of  "  fnxjuuncy " 
duo  to  tho  momentum  of  water  and  dense  matter, 

;i3.  It  is  tho  same  with  tho  cxporimonle  of  Ucrtz.  IIcio 
wc  have  two  circuib),  A,  a  circuit  from  tbo  Fccoadniy  of  a  coil 
{itncb  OS  Fig.  6a),  iu  which  energy  circulates  aa  monientnTy 
HtrmsciB  set  up  and  ccasiii)^:  in  this  circuit  are  placed  two 
condenser  platca,  one  on  taeh  side  of  tho  spark  space.  Thovo 
of  course  act  np  the  couditioiis  of  cliaigo  all  around  tbcni,  St 05. 
Another  pair  of  jtlatt!^  la  )iluoed  opposite  them  wHth  a  Kpnrlt 
Hpooc,  and  of  courHC  tlioKO  second  pair  form  part  of  the  lines  of 
induction  of  t)io  fimt  pair,  and  take  part  of  the  energy:  hence 
momoniary  curreuta  sol  up  between  them ;  the  question  of 
iindtdatioD  as  the  mode  of  transmission  of  energy  and  tlie 
"  nodes  "  Ac.,  diiicovered  bv  Uerta,  tbu  really  novel  part  of  hia 
cxperimcute,  will  bo  considcrod  later  on  ;  lioro  we  liavu  only  to 
nolo  that  tho  currents  in  tbo  vcoondai^-  pair  ara  luurety  an 
illuRtration  of  long  known  toota  in  mduction.  Tho  cuhu 
roMmblw  tho  magnetic  lines  of  force ;  if  wc  draw  two  maguolio 
polea  pUood  liko  tbo  Ilerts  "  indnctore,"  we  know  and  can  Khow 
tbo  canrcti  extending  into  space  between  them :  if  on  tlicso 
ourviM  wv  place  a  lod  of  iron,  we  know  it  is  magneiiiied  by 
induction  wbenevor  the  j^rimary  magnet  ia  energized ;  wc  could 
pluce  two  vuob  pieces  uoar  eacb  otbor  on  a  curve  and  thow 
N  and  S  poles  developed  at  the  space,  and  maguolic  fnrco 
exiating  in  that  space  The  HortJt  "  roeonator," «o  called,  fulfill) 
the  exact  function  of  tho  two  niucea  of  iron,  only  il  forms  part 
of  a  lino  of  force  of  electric  inanotnnCA,  and  abowa  electric  force 
in  it»  spark  space,  in  tbo  same  id<-ntioal  mftuier  and  for  the 
Name  pnyaical  nMOna  as  tbo  pieec<a  of  iron  tMUliCMt  uiagiietio 
linen  of  foroe  and  do  work  in  a  magn«lio  field.  There  is  do 
myHt«nous  agency,  except  so  far  as  erory  natural  action  is  a 
mystery  of  w  biob  we  can  bw  tho  RumitwtatEon,  but  never  tb« 
oauM ;  there  ia  notbing  more  than  tomo  actions  of  energy-  and 
matter  long  studied  under  tbo  name  of  "  induction." 


UHAPTER  VII. 
ooxDvcnvmr  xvo  uksistaxcc. 

5it.  Them  teniifl  arc  tho  convdrsc  of  each  otlior,  but  tlioro  is 
tliis  imporUut  diffurctiog — Stsitlano!  isabsolato  ntid  meosurablo 
in  stanaord  or  other  dofinito  uoila.  CoadaelU-ili/  is  only  relatiTo 
or  ftbelract;  though  it  is  usrukUy  stated  as  relative  to  copper  as 
a  ataudard,  Etill  this  is  only  ri'lative,  a§  it  fixes  no  dimeDaioiiS. 
Conductivity  is  asoortained  by  measuring  tho  actual  resistaaco 
in  a  given  caso ;  th«n  by  cslonlating  what  would  bo  the  resist- 
anoe  of  puro  copper  in  liko  conditions,  we  oblain  tho  relative 
oooductivity  of  tho  substanco  exniniiicd. 

^14.  Sveatte  CojEDUrririTY. — Under  the  same  oonditions  of 
dimonsioD,  diEforont  subetaaoes  have  difiere&t  capacitiea  for 
trutimuitting  currtnti  that  is  to  say,  diflVrent  molecoleB  diffiar 
ill  tht-tv  relation  to  «k>clricity  as  they  do  to  heat.  But  this  ia 
not,  as  iu  the  case  of  beat,  oonuectal  to  the  atomic  vreij^hls  uf 
the  substances,  or  to  any  as  yet  disoovered  physical  property; 
HO  far  as  we  know  it  is  a  special  pronerty  of  each  substanoe. . 
This  relation  h  most  easily  meaaurea  as  a  "reslBlance"  of  • 
fixed  dimension :  a  unit  of  diuiensiou,  now  much  employed  in 
connectlou  with  the  COS  syatiMn,  is  i  cubic  oentiuetre,  used  aa 
iu  Col.  IIL  of  the  Table  of  RetiUtances,  p.  27],  where  **  spetuBo 
reaUtauce  "  is  given  in  tho  COS  units  of  resistance  per  cubio  ' 
oentimetxeof  the  substance.  I'hia  is  nseful  witli  liquids  aud 
iiiatilatorB  whoee  lesiatAuce  is  large,  but  as  rt^lates  to  metals  aud 
to  those  usioK  only  the  ohm  unit  it  oouveys  little  meauing,  and 
the  familiar  foroi  of  a  wire  best  conveys  the  facts  to  the  mind. 

A  wire  either  of  definite  dimensions,  such  as  i  foot  length, 
'ooi  of  inch  diameter  (oouvenieutly  <uill  a  mil,  which  must  not 
be  ooofVued  with  the  millimetre),  is  a  very  practical  unit,  which 
has  the  soientiftc  merit  of  Ulastrattng  very  clearly  the  pait . 
wbich  matter  plays  iu  conduction,  and  dutiDguiBbing  the  pro- ' 
pertics  of  dillerent  kinds  of  matter. 

For  practical  purposes,  us  where  we  have  to  deal  almost 
ontirely  with  one  metal,  copper,  for  some  putpow  a  wire  1  foot 
iu  length  aud  weighing  1  grain  has  its  uses.  Tbeae  units  will 
bo  employed  here,  aniTtho  Table,  p,  17},  derived  chiefly  from 
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the  labonre  of  Hatliieesan,  give«  the  most  itniK>rUnt  particulnTH 
employed  by  dectncians.  Col.  II.  is  the  spccitio  oomlurlivity 
referred  to  Silver  as  loo.  The  cubic  ei?ntimctro  cciTTC8|K>iids  to 
the  Hiuiiltii'uuit,  the  squato  niillimetrQ,  i  metre  loDg,  whi<ih  tu 
gciienttcd  by  niultiplyiog  the  ceiitiiin>tro  ciibc  by  lO.oco. 

3 1 5.  AUoyt  u§iiiilly  liaro  n  higher  I'eeistanw  tlinn  thut  of  tlio 
mean  of  their  coiiipoiiciit«.  which  Rpposrs  to  indloalA  tliiit  on 
actual  chemicHl  coiuhinntion  hns  ocoiirrrd,  not  11  meru  uiiKtnru 
of  the  melale.  This  property  crcn  tiffonlBn  nicantt of  cbiwifyini; 
alloys  OH  of  Ihreo  two  orders.  Tb  11s  the  alluyaof  liii  uiid  lead 
diffur  slightly  from  t bo  mc^n,  white  tlml  of  tin  and  snliinotiy 
hits"iily  q'gth  of  tho  mean  coudiiOivity,  indicating  amiidi  vloMor 
coin l)i nation.  Otlivr  physical  propurtioa  attend  thin  olaudfioa- 
tion.  I  have  even  found  that  the  niracific  rMistanoe  of  a  wiro 
iiffiirJd  an  ftppToximato  t<-iitof  its  conttitulion.  Thus  the  rcmtit- 
ane«  of  Gentian  silver  wire,  reduced  to  the  foot  grain,  variea 
from  }-6oohniN  to  4*0^,  nccording  to  (ho  proportion  of  nJcliel  it 
o(in tains,  that  of  purv  copper  being  '319  only. 

Alkiyit  are  also  aRiictod  by  hoat,  nil  to  their  conduotivity, 
ditTi'u-titty  from  pure  nietnts,  which  it  will  bo  i«ui>n  renders  some 
of  thorn  vttry  iiiti'fnl.  PiirticiilarB  are  given  in  Table  JX.,  below 
the  pure  metnli,  of  a  fow  of  the  most  uwifiil  Hlhiys.  .\s  a  oon- 
tai'ijuintv,  cinlinary  onmnx-'rcial  melahi (which  an- aln-aya  alleged 
with  foreign  matters)  have  a  Iiigherreaiatanci- than  pure  motalu, 
a  fact  of  givat  importanco  as  regards  copper,  i  54S. 

All  experiments, so  far,  indicate  ihnt  iho  oleetrio  current  does 
not  Hcpain1<!  the  conHtitueiita  of  oitlier  alloya  or  uualgama,  by 
olectrolyttiH  when  In  a  stAt«  of  fusion. 

ci£.  HAiiDHess  generally  iu creases  the  reaititanoo  of  metals; 
tbiM  aliovTH  that  transmiasioD  of  elootrioity  depends  upon  mole- 
oiilnr  cunditiuu,  for  hanluoss  is  a  state  of  stronger  cobcsion  and 
letiH  freedom  of  motion.  Auueuling  diniioiNhm  this  strain,  and 
allovra  readier  motion  of  the  molcoulen  auiuug  thenisL'Ivcs.  A» 
time  and  the  passage  of  eleotrit;  ounvnt  prodiioo  tiofti'uing,  it  ia 
imiHirtant  to  nso  soft  wires  where  renistanoo  ta  to  bo  constant, 
and  where  it  is  requ'rcd  to  bo  low,  aa  in  galTonomelors.  Soft 
wire  is  also  muro  easily  arranged. 

Mttltanienl  Stntte*,  suoli  a«  torsion  or  temiioii,  modify  con- 
dnctivity,  as  also  does  ntaynvlitjn  in  tJie  ceae  of  iron  or  steel,  i 
iiiWurA  also  inoreastui  in  resistance  whpn  pinrod  in  a  niagnetiol 
field,  and  a  thin  sjiiral  of  it  has  boon  siiggvrted  as  a  nivana  of 
menntiring  Iho  streiigtli  of  snch  flehlii  by  thi*  Increase,  as  iho 
incruni>ing  rt-siiitaiico  of  platinum  due  tu  heat  is  vmpluyod  in 
pyromtti-m. 
*  5 17.  jTAc  MirduW/n'fy  0/  melalt/vr  heal  an4  eteetrMlt/  ia  pructi- 


cally  alike. in  def!;T).>«  that  is, not  a»  toootnol  rateoFoODidaotiot) : 
this  ii  a  very  atroDj^  indication  that  the  mode  of  tranamiaslou 
is,  for  both  forc«8,  a  specific  molecaUr  motioQ  graduatMl  by  th« 
e]>ecial  nature  of  tho  Bubatancefl. 

Variation  of  Umperattin  has  a  romarltablo  influenoe  ou  tho 
oondnctivity  of  bodies.  As  a  rale,  the  rosistanoe  of  liqaidii 
diminishes  as  tho  temperatnre  rises,  while  that  of  metals  in- 
onttea.  The  influence  on  pure  melaU  is  nearly  nnifonu,  not 
as  ngKtia  their  actual,  but  their  relative  resistance.  Thn4 
whether  a  metal  have  a  high  or  low  specitic  resistance,  that 
resistance  increases  in  ftlmoet  exactly  the  same  ratio— for  in- 
stanco,  bismnth  and  ooppor.  Tho  slight  differences  shown  in 
tbo  Tablo,  Column  VIIl.  are  probably  dtio  to  some  impurity  in 
tiwBMtals,  which  are  not  rooaily  obtoined  in  porroct  purity. 

Jbrcurg,  however,  is  va  oxooption,  owing  to  iU  lii^uid  con- 
^itioa,  no  duabt;  und  it*  slight  \-Hriiitiim  ih  nn  lulditJonal  olv 
mvnt  uf  advantAgn  in  treating  it  lut  a  iitAii<!nr(l  fur  unitn. 

lint  ailoyt  difT'.T  fr>>m  jiuru  mvtaU  in  iH^ing  mtidi  Uuh  aflM.'tMl 
by  duiugv  of  ti'rapemture,  which,  together  willi  tlioir  groatvt 
ndatAnov,  rendom  thvni  suitablo  for  meaaiin^. 

Carbon  or  GrafiHe  towora  in  r«Rtst«noo  by  britt,  »o  tlmt  inoau- 
dowent  lamps  pas«  larger  current  im  thw  hcAt. 

Ab  th«  cnrront  itself  heats  the  wire,  it  varios  tho  maistjtDOa 
utbongh  the  heat  wore  oxtcntal;  and  it  it>  important  to  ii«o 
a  low  power  in  moasarinz  rMistanow.  Tho  uodo  of  correction 
for  tempi^rnture  Is  given  in  §  5^3. 

It  would  appear  that  th«  rccutanoo  of  motaU  is  related  to  tlia 
alwiluto  rnro  of  teiopenttun). 

;  18.  LtCNT  AXD  CoNDOcnTiTT.    SdeniuBi  in  its  onlinoiy  stal«j 
lias  very  little  ooiidnctivity,  bat  when  ki'pt  just  nrnlor  fumnn 
puint  (tta'  C.)  for  some  liount,  and  slowly  cooled,  it  iLsmtmu*  a 
crystalline  cundttion,  in  which  its  rttiistanoe  Is  greatly  lowonMl, 
■od  boooiRM  variable  under  tlic  iuflnetieo  of  light.     In  Butit«j 
oaaca  it  im  fifteen  lime*  greater  in  the  dark  than  in  Biinlighhj 
lliSe  variation  is  alao  se  rapid  lliul  it  produces  oouud  in  a  ttilo* 
phono  under  tho   influence  of  an    iut«rmitteDt  ray  of  light. 
Other  snbctanoea  undergo  similar  changes,  but  this  onbjeot  will 
be  dealt  with  in  anotlivr  chapiter. 

519.  CONDDorAXOL— This  u  a  conveuic-nt  term  now  generally 
used  to  expreaa  the  otrnduettng  caMCtty  of  a  circuit  under  the 
oooditioDa  of  the  momunt ;  it  is  cflea  said  to  be  the  reoiprooaU 
of  the  reeifltaiice,  because  thft  ectuepllon  of  reedstanoe  iu 
neuured  units  was  first  olearly  defined,  but  in  principle  thM 
reverse  is  the  ease ;  tlie  oowtuctanoe  is  the  real  fact,  tho  reeiat-' 
utce  a  niallicniatical   artiAce,  as  exclaiaed  S  475.     8ir  W. 
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ThomHOD  propoBod  to  express  it  in  a  unit — tlio  mho — whicli 
id  tho  iuvorao  of  olim,  but  the  term  does  not  find  favonr. 

jlo.  RssiSTAKCE. — It  I1A8  been  nbown  that  this  term  indudoa 
two  distinct  coooeptioDs:  (l)  tJio  arithmetioal  oxprcstjion— the 
rodprocal  of  the  OODdactanoe ;  (3)  tho  energy  expended  by  tho 
otirKnt.  It  is  of  great  importance  to  keep  tliis  distinction 
clearly  in  view,  for  tho  law  of  sectional  area  or  diameter  of  a 
conductor  is  relaUid  only  to  the  first  conception,  white  most  of 
tho  other  facts  of  rcsigtauea  relate  to  enorgv  expended.  Tho 
cloareBt  oonoeption  of  tho  whole  subject  wUI  bo  attained  by 
fixioe  tho  ideas  njrau  tlio  single  molecular  chain,  transmitting 
a  unit  oloctrio  current,  as  shown  p.  3^^,  and  picturing  con- 
dnotoTs  as  built  up  of  sepatat*  unit  onains  be  explained  $  468. 

Thft  OiiM,  10'  CUS  uoits,  ^  419,  is  the  moiisuro  of  rosist- 
anoo,  represented  bv  106')  centimetres  of  pure  mercury  at 
o'^O.  of  t  square  millimetro  section.  Tb*  Ail.  tinif,  the  otiginul 
standard,  is  now  found  to  bo  equal  to  ohm  '98^6,  and  1  new 
ohm  is  i-oi^ji  B.A.  units. 

531.  Ilut  as  nearly  all  existing  instrnments  have  been  ad- 
justed to  tho  U.A.  unit  (then  c«dled  the  ohm),  and  the  Post 
Oflioe  coutinuea  to  use  that  ataiidard,  having,  in  common  with 
every  one  but  a  few  Professors,  refused  to  have  anything  to  do 
with  the  so-called  "  leji^al  ohm,"  it  is  prubulile  that  this  will 
remain  iu  use  for  many  years,  being  oorreoted  by  tbu  above 
Douslaut,  Reaistauue  instniinenls  are  too  costly  lu  either 
throw  aaide  or  readjust,  and  we  mtiet  look  forivard  to  some 
oonsiderable  cooftuion  for  a  time. 

All  the  rdliMs  given  in  this  chapter  rttal*  to  tJie  B.A.  unil,  aud 
need  multiplying  by  'oSfifi  s;  log  i~"tj94iiii  to  convert  thorn 
into  the  new  obiiia.  1  have  not  recalculated  tho  values,  becatis© 
Bov«al  things  eonneoted  with  them  aie  not  yet  doSnitely 
ascertained,  and  those  tables  being  stereotyped,  tliis  labour  and 
expeuBO  are  deferred  until  the  actual  values  can  bo  relied  upon 
as  final.    See  j  41^. 

511.  Besitlance  la  often  said  to  be  a  vttocit^.  'I'he  statement 
conveys  little  or  no  idea  to  uunt  minda,  and  in  fact  in  this  fona 
it  has  no  meautug ;  it  is  a  part  of  the  artificial  flystcm  of  mathe- 
matioul  electricity.  Dr,  Lodge  will  not  bo  sus]>ccte>l  of  heieay 
ou  this  subject,  aud  lie  says, "  It  is  sometimes  asserted  tliat  an  ohm 
is  a  velocity,  by  th«e  who  ignore  tho  fact  that  it  is  cmlj-  n  velocity 
on  a  oouvuntioDol  system,  yet  nothing  of  tho  kind  is  conuotod 
by  the  term."  The  oonveutional  system  is  that  of"  Dimensions," 
$41^,  and  tbe  dimensions  ef  reeist«ioeareL~>T  on  the  electro- 
staltc  system  and  L  T~'  on  the  eleotro-inagnetio ;  that  is  to  sny, 
the  expreatloma  for  all  thceo  units  are  diflerant  under  different 
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«ODT«ntioiiB,  lliongli  tUo  tLing  it«elf  ih  tbc  same:  tliisiliwtv* 
MtHy  U  nnch  uuro  striking  iu  somo  other  ossee,  but  it  shows 
DOW  corafiil  tiuf  ttudont  iibould  bo  not  to  mako  tbe  oommoa  i 
mat* kg  of  suppoclng  thkt  matbematical  symbols  npment,  of  > 
iwcmntjr,  utiy  iiclanl   truth.      These  "  dimeiisioDs '    ehowififC 
BtotJon  in   time,  ooncapoiKl    to   tttoeily ;    bat  the  '■  eloctrit:ikl 
resistaooo  "  ia  a  ni«ro  CTMtion  of  Ohm's  fonualio,  and  c<xpr««M^ 
rimply  "  thfl  ratio  of  tbo  energy  diaoipatod  jwr  sooond  to  tbe 
mean  8t]^uaro  of  tko  current,"  and  may  be  considoml  as  an 
ob«tructioQ  which  eip«nda  onorgy  in  bd  irreversiblA  op«i«tio». 
)3t.  /Mpfttonco  \n  n  iisuful   term,  one  of  many  deviaed  by 
Mr.  0.  Ueavidido ;  it  i«  now  adopted  and  rppr<«ont«  rMufainoi 
fropof  +  lemporarji  rtwtance :  that  is,  it  includes  with  thv  ilTO* 
ToraiUe  energy .  of  rMistanoo.  tbo  rororaiblo  stonid  enerKy  of 
ioductaooo,  i  498,  and  it  is  ntoMared  in  torma  of  the  "  hunr^," 
S  430.    Impedanoo  rolaton  only  lo  int«nnittcnt  nnd  nltomating 
onrronta,  and  the  phenomena  montionod  $  jot,  and  is  tho  laiio 
of  tbo  effdotive  RH  F  to  tbo  oflbctivo  current,  f  411. 

i34.  Some  of  tha  rv«c«rebos  of  Dr.  Lodge  into  tua  pbeuomooa 
ieotiung  (or,  to  be  correct,  aMificuI  lightning  in  tbe  form  of 
oaciUatJng  ditcbargos  from  Leyden  jars)  illustrato  tho  oMd  of 
nalizine  then  fiinotioDB  of  impedance.  lie  fonnd  that  with  vaTy;^ 
great  "u^quoncy"  ordinary  rcaistance  was  of  littlo  moment, 
and  that  tlto  matcriRl  of  a  condaotor,  aa  copper  or  iron,  made  no 
differ»ncv._  Ho  Mja, "  The  impedance  of  a  oonduct'>r  i|  metroa 
long  bent  into  a  circle  was 

tSoohmsforthick  wire  No.    2  )  atiimiUiona 
300  ohma  H    thin      „     No.  40  |     p«r  seootid, 

the  ordinary  R  being  -004  dims  for  thick  and  2  •€  for  tbin. 


41  <^ma  for  thick 
78    „        „  thin 
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at  a  qnartcr  million  the  material  begina  to  matter." 

SJ5.  nesLSTixcK  AKD  WoRK. — If  au  electro-inognet  be  excited 
by  a  battAty.a  current  will  itaaa  proportiontd  to  the  >>  U  F  and 
to  the  meaaured  R,  and  tbe  expenditure  of  oncray  will  bo 
meaBured  by  C  x  R-  Now  give  the  magnet  **  wonT*  to  do,  aa 
in  rotating  an  armaluro. 

1.  The  current  will  be  redacod. 

2.  The  eipcttdituro  of  energy-  will  be  greater  than  C  X  B,  or 
E  X  C  wilt  uJiow. 

TliiH  bxlra  expenditure  of  onorgy  can  be  treated  aa  ao  «d- 
(litional  R  cansinl  by  inductanoo,  and  the  sum  of  thcM  beootUM 
"  Impedance  "  wbich  roplaoua  R  in  Ohm'a  formula. 


The  valae  of  work  iis  R  may  ho  o[tlciilat«il  hy  measBling  0, 
And  aim  E  bctwn^D  tbe  two  [xirta  uf  the  (-iiouit  which  contaEn 
tho  worl(,  anil  of  whioli  R  is  iui;iutnT«tl  while  not  worktDg:  thou 
E  X  0  X  J  (S  41^)  girea  the  whole  energy  expeoded,  aud  C  X 
R  X  J  that  eunHimied  111  the  K  of  the  oin^iiit:  also  B-i-0  girea 
the  ^roeii  R  (the  impedanou),  whiuli  by  dodncting  the  meBBared 
11  gives  the  e()tuTalent  ivsistauue  of  the  work. 

S3G.  A  eovnia-eleelromotivts  force tna,y  ofteabv'  measured  a« a  re- 
sistance ill  the  bridge  or  dilTerential  galvaooineter,  and  balanced 
by  a  length  of  wire  or  measured  rcsistanoo;  but  this  measure 
ieill  not  be  eoiulant  for  all  carreuU  as  an  ordinary  resiatauce  is. 

iDductance,  static  and  ma^etic,  S  489,  which  store  energy 
and  give  it  up  in  the  extra  current,  act  as  euch  a  —  E  M  V,  and 
may  (when  work  is  not  being  done)  be  calculalcd  from  the 
current,  for  as  C  is  as  E,  when  resistance  is  unchanged,  the 
ubsorvo<)  C  and  moaEitrod  K  give  tho  effcictivo  E  by  C  ~  It,  and 
this  deducted  from  the  E  oi>oratiDg  in  tho  circuit  givos  the  —  « 
Hut  up  by  tho  rO'OcHon. 

517.  CoKSBOUTiVK  ReusTAiioiu. — Eac^  poriion  of  tho  oironit, 
i.  0,  tJio  various  cells  of  a  battery,  tho  connecting  wirw,  auy 
instrumonta  used  or  work  done,  having  each  their  sepamte 
resistanocii  moosurod  or  known,  thcso  arc  added  together  to 
form  tho  total  ranstanco  of  tho  circuit.  /(  is  ontff  tJiis  total 
which  can  bo  directly  calculated  by  Obra*«  fiixmiila,  but  tho 
various  extc-mal  nwiatanccs  may  be  ascertained  by  that  formula, 
bj-  the  variation  of  tho  carrent  ns  each  is  added  to  tlio  circuit. 
For  the  int«nial  iwsijttiincc  of  batteries,  eee,  §  jji. 

jiS.  DFJtiven  Ccncurn,  eoo  $  444. — When  tho  current  dividea 
intu  two  or  more  branuhes  for  n  part  of  its  coiiiao,  the  joint  ru- 
aialunoe  of  the  united  circuit  is  ascertained  by  the  following 
formulte,  tho  tteparato  rvHistnnceM  being  6ntt  aswrlaiuud  by  tho 
usual  prticeBHt-s  :-^ 

A  X  II 

(1)  ■ '■       p  =  R.    The  joint  resiatiuioe  is  tbe  pixtduct  of  tho 

two  rcaistanocs  divided  by  their  sum.    Thus 

112_U£l  _  '^■^'^'^ 
■39+  -64  ~   1-03 

When  there  at«  more  than  two  patlis.  having  obtained  the  juiitt 
resistaucu  uf  two,  thi«  te  oaed  with  another  in  the  same  manner. 
Lot  C  bo  another  Buoh  path  having  a  rusistunoo  1-9,  then 


=    243. 


•J4i  X  i'9 

•1^2  +  1-9 


3121  =.,,5. 
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(j)  It  i»  ntoro  tatty  lu  o1>Itiiti  iho  jwiit  reaislauce  bf  moaiu  i 
u  tabic  uf  niuiiiiticutH,  llio  «tiai  of  the  rcciprocala  of  tho  eeparat 
recuitatices  Wiig  tliu  rvoipivaal  of  tlio  joint  roaUlaiioeL    (7^ 
redprooal  uf  «  niiml>ttr  Li  i  lUviiltxl  hy  it ;  Ubl«s  of  rcclpr 
are  g^ven  la  atmay  books.) 


C=  1-9 
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Joint  rceUUuioa      4'^5>  =  *"4* 

Tltis  u,  in   fiu;t,  adding  toguthcr  tho  cottdnclancca  in  mhoa, 

()}  Another  plsii  mny  1)c  d^Tivod  from  the  syBlem  of  wire  re- 
abtanoo,  S  46S.  If  «u  rvduca  voclt  ninittaDoo  to  the  t«rmaorihe 
areft  of  n  wppur  wira  of  l,  10,  or  moro  fuct,  thi.^  Hiira  of  tlieeo 
anu  n>pre«cntM  *  wiro  tquivalunt  to  tho  joint  rcHistnnce. 

5)9.  Sliuins.— Thcoo  »ro  derivetl  circ^iiitH,  §  5J8,  and  tho  term 
is  derived  from  t]io  ntilwuy  pruccim  of  tJiunJin^  »  trftin  on  to  a 
Bcoondect  of  rail*.    Of  oounse  an^'  wiru  \ki\  ncrow  coniMOtioiis 
acta  as  a  shunt  for  jiut  Ktich  |>art  of  tho  ciirront  as  eqnab  tha 
ratio  of  tho  raiistanoo,  an<l  thureroro  a  second  resistaiico  inatru-      _ 
mant  servea  tho  ptirposu  ;  tml  it  is  iLor<;  ounvenient  to  prepac^^H 
a  Bpedal  wire,  c<iuiil  to  the  known  rosistanco  of  the  galvao<H^^| 
Dii-tcr  or  otiior  iti«triiment«  it  ia  to  bo  oacd  with,  and  label  it 
with  tliD  pnrpost'  it  in  imule  for. 

For  olfaor  uooudons.  shunt*  uro  ^o<lnir<^d  kfariog  a  known 
ratio,  ),  i-iotli,  i-iootb,  Ac,  of  tUu  circuit  the^  nro  to  ho  nsoi 
with,  llto  followitiK  fDnituIn  givta  tlie  proport4onat«  rceiatanoo 
in  audi  case*.  B  is  tlic  roniirtaiic-e  of  the  initriinidnt  whoK  indi- 
cations w«  dciiro  to  mnltitily,  n  the  multiplying  ratio,  and  S  tho 
resistanco  to  bo  gircn  to  the  Hhuut ; — 


S 


R 
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ex. 
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100 


—  =  an 


Of  ooiirso  tho  addition  of  a  shnnt  to  any  portion  of  a  circuit 
loiverB  tho  TMitftanoc  and  iocreaece  the  current,  uiile«s  an  vstra 
resistanou  is  inj«rt«d  somowbere  oIbo  to  compensate  for  tho 
shnnt,  juot  an  tho  insortion  of  a  galrauomeier  to  mouuru  a 
current  lowcw  tho  current  previously  passing. 

Shunts  Hhonld  lie  made  of  tho  samo  material  as  lh«  circuit 
thoy  ar«  nsod  with,  eo  as  not  to  bavo  thoir  ratios  dislorbod  by 
external  tompvratnre,  S  J17. 


It  is  impouible  to  ftvoid  the  elTeoU  of  MlMi<^ating  liy  tlio 
oaTTWit:  in  orcler  to  htiva  the  same  action  in  botli  <:ireiiibt  IbQ 
wiro  of  th<!  itliiint  ought  to  increase  in  weigbt  in  Uio  sanM  ratio 
u  the  currcDt  it  currica ;  but  for  obviona  rMSoni  of  economy 
A&d  oonveiiience  thta  cannot  he  done.  In  fact  tlio  rercno  i» 
ncnrly  ftlwaj'a  the  caae,  a  thinner  and  shortt^r  wiiu  being  hkciI 
inHtvad  of  a  thicker  and  longer.  Therefore  no  shonta  eupplictl 
with  gnlvanomcteT*  can  be  relied  on  if  noro  than  momoiitiiTy 
cnmeDtH  are  passed  through  them. 

5  }0.  CtJU  of  a  Balierij  are  doriTcd  cirouitg  to  each  other  when 
tlxiy  nru  coupkil  Jii  jiiirAllel  or  multiple  arc,  and  thvy  divide  the 
current  upon  tlie  pniR-iiileii  explained  S  538. 

Odla  to  be  coupled  in  inulliple  aro  may  ho  of  varioun  ninw, 
but  mniit  he  all  of  the  same  kind  and  af  c<]ual  E  DI P ;  tlm  atrongcr 
cull*  revomc  the  current  of  the  weaker,  and  Iciw  current  panes 
to  the  external  oironit  than  if  the  weaker  cell  wore  not  iiacd, 
and  Tot  Die  alTonger  cell  is  more  rapidly  oshnuHted.  Zinc  may 
(lImo  bi)  di'itonited  on  the  negative  plate  of  the  weaker  oull,  if  it 
is  it  ainglL-  lic|uid  cell.  So  alao  when  a  number  of  cells  aro 
arraiigi'd  in  iteta  in  Beriea,  and  then  coupled  in  mtiltiple  are,  all 
of  th(i  ttcrtu  in  one  coupling  must  oontam  the  Mine  number  of 
cplls,  j-o  thiit,  when  in  multiple  arc,  each  branch  may  have  the 
Humc  K  M  F.  In  tliia  way  cell*  of  diflcrctnt  eizea  and  forces  mav 
t)e  uschI  iti  one  circuit,  and  oombin(}d  in  both  ways  for  amall 
ruKiHtuice  (multiple  are)  and  high  E  M  F  (in  eeriw). 

5  J  I,  Internal  fieiiilance  0/  Cell*. — Thia  is  Bubject  to  the  same 
lnwn  aa  wires,  but  di-pends  on  the  dpecilic  conductivity  of  tbo 
liciuiOn  contained,  and  vuriea  therefore  during  work,  as  the  acida 
buwioo  converted  into  aalta,  &o, 


MSASURKJICNT  OF  I^TERKAt,  ReSIBrAMCK  Or  BATTtSIEa. 


(l)  By  Ohm's  jPcrrnit/a.— E  -r  C=  B.  Tliia  ia  the  total  refliat- 
anoe,  and  ddduetiug  the  citernnl  gives  the  internal. 

(a)  Bff  the  Oalrnnomelfr, — Witii  any  known  TcnBlAooe  pro- 
dncQ  a  d«flL-uti»ii ;  add  reHintiincc:  wbigh  producea  a  deflocljon  of 
just  half  tho  current  value  t>f  the  fimt;  tbia  implioa  that  the 
seoond  extra  roaistanoe  is  exiictly  tlio  aame  its  the  total  of  the 
fir%t ;  therefore  it  ia  only  necoaaarj-  to  deduct  the  known,  or  ex- 
ternal rceistnnt*  of  the  firsl  deflection  from  that  of  tho  second  : 
tito  residue  is  the  iuteninl  reaiatonoo  of  tho  battery,  together 
will)  that  of  any  connecting  wires  not  included  in  tho  first  ex- 
tomal  roaiatanccu 

{}}  By  a  ShtmL — Pteparo  a  shunt  of  a  reaistance  exactly  equal 
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to  Ui0  nm  of  all  tbo  other  ozt«riuU  resiatanooa — viz.  tbo  f^- 
▼anonieter,  and  oU  tbo  oanneotionH  (and  if  any  work  U  doing, 
tbo  resUttuice  of  tbat  also).    Fig.  6]  will  now  make  all  plain. 


First  eonnect  us  shown,  ao  that  th«  current  dind^M  itself 
Ihrongh  tbo  two  oqul  iWstancofl,  (t)  S,  tlio  iibunt.  (3)  G,  the 
nlraDomotcr,  and  It,  tbo  nsistaQco  iiiHtrtimeDt.  Noto  th«  do- 
flvotion  carofiilly  urui  timn  diso(»inoct  tlio  abunt  H ;  tlio  wholo 
cun«ntnow  paxHw  through  tbo  other  citroiit;  tb« u-frmit/ nsiBt- 
■noe  is  now  (luublod,  bocauso,  by  tbo  laws  of  dcriTod  virciiits,  th« 
redslanoo  of  two  equal  cirraits  togeiber  is  half  tbatofottber 
alono,  Imt  the  iiUemat  rcwiatanco  of  NP  reiuiiina  iinchanji^. 
Now  add  rcaistAucQ  at  I(  till  the  samo  dflfleotion  ah  nt  first  is 
prodnced  in  li.  This  extra  rwistanoe  ia  equal  to  tbo  internal 
reatatance  of  N  V. 

Holhods  3  and  1  have  tbo  diaadvantajire  tliat  with  many  forma 
of  battoty  tbo  EuF  varies  with  the  rat«of  cuiront,  so  that  tbo 
conditiona  are  different  at  tiio  time  of  tb«  two  mcjuurea. 

(4)  Shnct't  method  avoids  tbiSj  and  cuubK^a  the  ivsistonoo 
corroaponding  to  any  rat«  or  deiuity  of  ourront  to  be  measured. 
It  ia  a  modiflcatiou  of  the  Wbeatatooo  bridxe,  and  will  bo  nnder- 
Htood  by  a  refoteooo  to  Fig.  ;i,  p.  339.  Inxort  tho  battery  to 
Im  mcaaored  in  C  and  a  r^siatanai  measitru  in  A  aa  usna) :  no 
ostemal  battery  is  nscd,  but  a  contact  break  ixiplaoea  it.  If  tba 
ilouble  break,  Fi};.  ^4.  is  on  tbo  briiij^o,  xprlng  3  afaoold  bo  fixed 
down  upon  atud  4  to  kce|)  tbo  galvauorntiter  cirniit  dosed,  atad 
tlio  ordinarj'  battery  oonnocliona,  as  +  —  Pig.  j6  connooted 
wilh  a  wire,  when  tho  nyiper  pair  of  apringti  will  act  as  the 
required  break.  It  will  bo  scon  that  the  current  from  the 
battery  in  0,  Fig.  51,  baa  now  two  circuits  from  F,  ono  tbrougli 
the  galvanomelcr  and  tho  other  throngh  U  B,  both  uniting  at 
£  and  returning  to  C  tbrougb  A.    If  A  x  D  ■=  B  x  0,  tbo 
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eluding  of  tliO  oxtemal  contact  will  make  do  chntige  in  tlio 
reailiu^  on  Uio  galvanometer,  tlirougli  whiob,  in  tbiH  um  of 
the  bndgv,  ciirrent  is  alwa.'t's  pfu«iug. 

The  reisiiitaiioe  of  a  galvauomctiM'  can  i>o  mcaHtirecl  in  ihin 
way  by  itH  own  reading,  if  placed  in  (',  and  the  tmttcryaxneual 
iu  tbc  cxtcnwl  cironit.  Thie  is  tlio  uhuuI  form  of  nsing  the- 
bridge,  liut  requiriM  no  galvanometer  in  EF,  When  CMsiiiE 
tlic  break  iu  E  F  nialcoa  no  change  of  the  reading  in  tho  gaH 
Tunontetor  in  0.  Tbo  resistance  in  A  equals  that  of  tho  gnlvano- 
ineter. 

Tbero  an;  Bovoral  olher  procecses,  but  they  rpqniro  formulw 
and  caloulatione,  uid  X  have  selected  the  foregoing  nii'di-s  of 
nicaanriug  tho  rcxiKlance  of  batten'es  sa  the  simplest  in  principle, 
most  readily  performed,  and  accurate  in  multa. 

5J2.  Rtfulance  pf  Metah. — Table  IX.gives  the  valncit  derived 
from  Mathi<^H«on'ii  incasiiroii  taken  in  connection  wiih  iho  pwpa* 
ration  of  the  originnl  ohm.  Lmtcr  dctcnninationi*  diffi^r,  and  a 
aet  !))■  Bcnoit  may  bo  fonnd.  p.  1 1 3,  vol.  iv,  of  the  '  Jouniiil  of 
llio  Swicty  of  Telegraphic  Engincpr»;'  bnt  MnthivMECn'it  valuing 
are  j^uniToIly  received,  and  hiii  well-known  cBrt'  and  the  tuouns 
at  hiH  difposnl  jtiftify  the  retention  of  hi»  values. 

Different  figures  are  given  in  vaiioua  books,  and  the  Hpccific 
gravities  and  resistances  are  not  too  certainly  known  y<.'t.  But 
iLH  it  is  absnrd  to  give  discordant  valncs  in  ono  table,  I  hnvo 
culciilnted  them  from  the  two  values  of  Cotit,  VI.  and  VII.; 
should  any  olher  viduoa  bo  dccntoil  more  accurate,  tlieixi  will  l>o 
no  difficulty  in  allmng  tho  whole  ruugo  i>f  vnliic",  which  iiro 
phyaicfttly  dependent  on  each  other.  As  ntenlioncd  S  511  tlivHO 
iignros  relate  to  tlie  B  A  unit,  not  to  tho  newly  defined  ohm. 

Col.  III.  is  tho  i}iefiSe  re*iiUmt<,  %  J14,  that  of  1  cubic  centi- 
metre expressed  in  microhniH.  liy  »liilting  th«  dooimal  point 
&  placca  to  the  lull  it  becomes  ohnia,  and  by  shifttjig  it  }  plaoeti 
to  tho  right  )t  brcomca  C  Q  8  unite:  thua  copper  e  i*6;j 
mierobms,  'OOOOOi6;3  ohms,  and  i6;3  C  G  S  uniu.  UiorohniH 
uro  convCDJvnt  for  metals,  ohms  for  liquid*,  and  megohioB  fur 
dioleetricfl.    SooalMo$;i4. 

Tho  line  of  carbon  is  derived  from  my  own  experiments,  and 
relatca  to  tho  artificial  carbonn,  nuch  as  at«  piejtared  for  tho 
Jablohkoff  candlu  and  are  Jamp«.  Tho  speoUic  gravit^r  is 
probably  greater  in  tho  carbon  or  Incandescent  lamps,  bnt  it  is 
scarcely  possible  to  mfnaura  it,  as  the  adhering  film  of  air 
provonla  its  being  properly  weighed  in  water.  It  is  probablo 
hIm)  thtit  the  speeiSc  rvsiHtauce  M  lower,  but  to  discover  this, 
either  the  specific  gravity  must  be  known,  or  the  diameter, 
^^  which  is  equally  difficult  to  ue«snro  exjwriinentatly.  I 
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Tabls  IX. — CoNDOcnriTV  jljid  Rssuruics  or  Itsriu. 


L 

U.           111. 

IV.          V. 

VI       vrt 

Viu, 

BpKlfic 

CMviiKUiiir 

K'ctiUnr*  kl  13" 

•llTK  =  in*. 

FaLi.alin.^taUi 

Vul.. 

Uctaitrvt. 

=  I.     MiCTuhioi 

irgtfhl. 

5kU«i. 

=  U         =1. 

Ilvj>  pit 

1-  rti.1. 

AlnnUaom 

'StJ     s'9-W 
6-JJJ   js-9o; 

104  CJ 

Sr6: 

■1081I  !?■;» 

,  J 

AntltDear 

6-4. 

4-14 

j-456   iiC-co 

■»i6 

BittnuUi    ,.     ,. 

9  ai7 tji'^Si 

fi<t 

j-ij 

iH'st*     798- 

■'** 

Ooppn,  t'-Ard     .. 

B-$o5 

i'6ji,i05-ij 

9>'o6 

-»ie4     9'9«^ 

„       •oft     .. 

e-917 

I9'6i9 

7'7li 

1  6i( 

107'J7 

W17 

■2064     9' 71' 

•31( 

add.«)ft..    .. 

1-081 

)7-es3 

Ti*09 

•jB49!rs-ii 

*101 

Irao,  loft  .. 

9g)S 

lO'iB 

ij-tj 

I'oj; 

J9'"> 

.  . 

IiMd,  ptcMcd  .. 

11-J9) 

»9-847 
9*- IBs 

i-t* 

7-6s 

JJJS 

II9'JS 

-irs 

Hormrr     ..      .. 

ir$»e 

i-jB 

••5» 

le-po 

(•e-6o 

'04* 

Nlckfl       ..      .. 

e-Sij 

!>■*:» 

I4'4» 

»-ot 

I'lIS 

«'JB 

., 

FlB>tinu»,  •oft  .. 

"■4JJ 

9-lj!i 

j-ai 

i6-(6 

J-Bio 

JS'09 

■ , 

eUvur,  b«^      .. 

lo*  141 

l'6jj 

9>*« 

9»"I0 

*)4:i 

9 -916 

■!C9 

»      wft       .. 

Id- 1^8 

l-JJI 

loe* 

(»• 

->:)4 

9'iSi 

, , 

Tiii.prMMd     .. 

J'>8« 

'J«9 

U'8« 

ti-W 

I'»6 

eo-)6 

■sol 

SiiMkPftaMd    .. 

j'jts 

5-689 

J»'97 

a6*T4 

•s«' 

IV  » 

■lei 

AUogM. 

Bmu ..      alxiat 

e-4 

1-3(6 

ll'lB 

i8'4j 

•MJ6  49'ts 

Q*raKn  aUm  « 

••75* 

11*16} 

l-K 

»-tSi    oj'ji 

■0J4 

(  Silver,  1  Pkt. 

ll'OIl 

J4-(6l 

S" 

4-M(    I4«'H 

•017 

t  BiUtt,  1  U«U 

IJ-WJ 

1O-9B8 

9-36 

U-94 

3*)9i      U'10 

•0:6 

GmItm  ..    alxHtt 

ft 

4196- 

■JJOJ 

■o)fij 

9&'o!o    9{140'    -'OM 

Further  inf'irmtkUoD  may  bo  fuund  tiy  thoso  who  wish  to 
stadjr  tho  TaotK,  in  [i«pcn(  which  aro  priiitod  iii  tho '  Kloclriciaii,' 
(Qoneral  liMMirobM  Viy  M.  Wvitor,  vul.  xv.  p.  4^6 ;  Exporimciila 
oa  Aro  OkrboiM,  vol.  xr.  p.  i£j ;  ao<l  on  Alorgury,  vol.  xxv.  j), 
54j),  ttOcOTtltng  tt>  which  thu  ralao  nf  11  milliinctn}  cxlamn  of 
meroury  100  oontimetrM  high  i«  BA  aniu  '9535:1  iust«iul  of 
■96185  u  tho  tAhtu  shown.  IiiiproToincnU  in  tbo  working 
of  oap»cr  hnvo  nUn  n^aulu^d  in  proilactng  motal  having  104  per 
ouiit.  Uio  oondooUvity  fotini)  l>y  MuUiiuKMin ;  but  tho  ohuigM 
nutdo  in  the  t&Ium  of  the  HtAnilarda  UioiniHilrM  mnkM  troe 
eompariMD  vory  difficult 

5;].  OoRKEi7no.f  FOR  Tevpeoatdbk.— It  is  conTcnii-nt  to  ^n^t 
resitftMioo*  at  tlie  ordinaiy  temperature,  60  Fnhr.,  and  tho 
vmluuii  MTft  given  iu  the  formulie  and  tables  at  that  point.  Itnt 
it  in  aeoMwry  for  many  purpow*  to  know  the  reaittonoo  nt 
tetapontare*  different  from  that  of  ob80rviitii>i),  for  toniponttnro 
pUye  a  very  inportuot  pajt  ut  the  i«si«tuioo  of  wir«:  in  fact> 
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it  ia  difBcnlt  to  pet  tho  same  resifltanco  twico  for  a  picw  of 
copper  wire,  if  it  ia  touched,  or  if  tho  elightcet  change  takee 
plaoe  in  the  room.  Tabtos  of  coTTection  are  given  in  many 
works,  but  they  never  point  out  that  thceo  tabl(<s  only  give 
a  jmrt  of  the  ooirection  required ;  they  deal  only  with  tho 
tomjieratHro  of  the  wire  itself,  but  leave  out  of  sight  altogether 
the  variation  which  ^takefl  place  in  the  vutnurcment  imirumcnt 
ittitf,  though  this  ia  one-tenth  of  that  of  the  copper  wire  as 
re^'da  external  temperature,  and  greater  than  that  of  tho 
vriiQ  as  regards  any  heat  produced  by  the  current  itaolf.  The 
latter  cannot  be  dealt  with  except  by  careful  valuation  ia  oaoh 
case ;  but  for  ordinary  resistance  measurement,  with  small  and 
monientary  currents,  tho  external  action  alone  need  bo  oon- 
Buiered.  Jnatninienta  for  measuring  reaiatanoe  ought  to  faaro 
marked  npon  them  tho  teniporaturo  at  which  they  are  oonwit, 
then  the  correction  for  actual  temperature,  say  in  copper  wire, 
would  he,  not  that  for  copper  merely,  as  given  in  tho  nsual 
tables,  but  this  leas  the  simultaneous  variation  of  tho  Gorman 
silver  wire  of  the  inetrumeiit«,  'i'hus  for  each  degree  Fahrenheit 
near  about  Go' — 

Copper  varies  as  i  to  ..  ..  I"002i5  log  O-00O9;37 
German  silver  varies  as  ..  ..  i'OC034  „  O'O0O{l35 
Oombined  correotion  at  60''   ..     1*00191    n    O'ooo8387 

The  variation  occnra  not  eqnnlly  for  eaoh  degree,  Imt  by  a 
curve  represented  acoordiug  tu  tlu:  cxperimeDta  of  the  British 
Association  Committee  ou  £leotrioal  Btaodarda,  by  the  ftirmiilit 
for  tho  resistance  It  at  temperature  (  fOontigrailu)  from  the 
resistance  rat  zero,  11=  r(l  +al±(P), 

a  » 

PuremctaU      o-oo}8j4   +o-oooooi3$ 

Mercur>'     0-0007485  —  o*oooooo}98 

German  silver 0'Dco44}j -^0*000000152 

Platinum  silver        ..      ..     0'00O}i 

Itnt  for  all  ordinary  piirpo«ea  tho  oorreotion  alxtvo  given  will 
euQice,  raaUiplyiog  tho  dooinial  portion  or  the  logarithm  by  tho 
numlwr  of  d(^u:^ees  {not  by  the  loguithni  of  the  degrees),  and 
aiullipljing  tlio  rcHStnnco  observed,  for  higher  temperature, 
and  dividing  for  lower  tomperaturo ;  adding  or  subtracting,  ai 
required,  the  logarithmic  correction  to  tho  logarithm  of  tho 
observed  re^tanco. 

Thia  to  correct  from  Co"  to  ja",  or  the  fre«King  point  (iwro 
Cent.)  in  38*  'ooaij  X  38  =  ro603  for  copper.    Tho  corivct 


J 


fifpire,  1  'o6o$,  ilifbK  very  wliglitly  front  tliia,  aud  the  mode  of 
ourroctiOD  is  showo,  S  5  J9. 

It  ia  probnl<lo  that  tocM  figiinut  apply  only  to  moderate  liuila, 
and  Htttlcir  give*  Ibo  following  rcsJStAucva  for  high  temperaturva 
of  oertain  wins  cxpcrimentod  od. 


ItlA, 


0^p*r. 


o^CeatigTul* 

Daricnd 
Ilrixlit  ml 

VTbJWliDt 


«40 

691 

lUo 
jwo 


0°  CeotigraJ*  614 

;.'•          „       ..  Bt4 

Otrauaarcd  ..  ]4;o 

Biick  red       ..  Jtoa 

B(<glit  ml      .,  4;co 


sioo 


J- 


tlallDDD, 


o'  Coittgrado  1 3  JO 
•.1°         ^      ..     1906 

'"at'""?:} «« 

Itod  liot  ..  ,.  4700 
OrnnBO  ,.  ..  C400 
Light  friliy*  .,     Sow 


On  tbo  otlicr  hand,  carbon,  as  in  the  incandoecont  lani]),  hta  a 
ittiatanoe,  when  cold,  just  about  donblo  of  that  wbcn  at  full 
l^bt-pving  tomncrature. 

Speetfie  hwl,  tbo  quantity  which  raisos  nuit  w^gbt  of  any 
fobataiMJe  1  dcgreo  i»  t«mpcrature,  ma-easeM  as  tbo  temporatnra 
•pDToaohae  tba  point  of  a  ohaogo  of  pbyKical  iitato,  tuob  as 
fiuion.  But  Si«m«n«,  in  bis  experinionta  on  oloctrio  pyromoton, 
foDod  the  incTMso  of  roaietanco  by  heat  lednoct]  lua  tho  t«m- 
perature  rises,  and  that  the  resictance  of  a  inotal  may  bu 
VKpreasedM 

B  btlag  the  resiatanoe,  T  tho  abtolnto  t«mpcntnn>  frcckoooil 
bam  abaolnte  j»ro,  —  17J*7*'  Cvnt,  or  —  470-66*  Falir.),  aud 
a  0y  are  coofiidenti  rolatod  to  tbo  particular  metals. 

j)4.  DnmstOHS  or  Wian*. — For  ultwtrical  purjxMC!*,  in  addi- 
tion to  the  ordinary  commercial  cousiderationa  of  weight,  Ico^tli , 
and  atrangUi,  we  must  indudo  olcotHe  reaUtanou ;  ho  tlint  if  wo 
fix  apou  a  delinitii  unit  which  iBoludcH  wi-igbt,  length,  ami 
resistatioo,  all  oouiidcmtions  are  rvsolvcd  into  mcro  uoltiplca 
of  that  unit,  a«  abown  i  488. 

Although  w«  tnny  buy  and  epmk  of  wirca  by  their  diaia«t«r8, 
this  principle  monnx  that  wo  should  think,  not  of  their  dinmflt«ra, 
but  of  th«ir  Miottonal  area,  which  varivs  in  the  ratio  of  tbe 
aqoaro  of  tho  dinm«t«r.  We  mTut.  in  fo^it,  regard  tho  wires,  not 
as  xinglo  oyliudcTs.  but  as  thongh  th«y  wcro  onilt  up  of  a  soriea 
of  i>anill<:l  unit  cylinders  of  tlo^nito  properti««.  Of  course,  Uia 
mvtrio  mOMurcfl  wosld  fnmisb  tho  boet  lystoin,  but  as  this  is 
pmoticatly  out  of  the  qmBtion,  tbo  beet  plan  araiUble  is  to  take 

1  ^ 
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for  Uie  unit  of  iiieasnre  the  one-tlionaandth  of  an  inch,  ftlrvady 
fnxiuwitij'  so  used,  aud  oallod  a  "  mil."  Since  wiros  arc  round, 
nnil  tho  ar<.-a^  of  oircles  increase  as  the  squares  of  tho  diamctcra, 
w«  iiluiiilJ  resard  tho  "  mil "  an  a  circular  wire.  Thou,  hy 
M]uariu^  tlio  diameter  in  '*  mils  "  of  any  wire,  we  obtnin  direct 
itJt  area  lu  circular  mila — that  is  to  say,  tho  number  of  nnit 
wirea  to  which  it  la  equivalent.  To  make  the  unit  comploto,  its 
liingUi  must  1)0  defined,  and  the  foot  is  the  most  oonvcniont 
intmHure.  But  as  in  eleciricity  we  require  to  include  in  our 
unit  electric  resistonoo  as  well  aa  the  weight,  &c„  it  is  etill 
moro  convenient  and  generally  useful  to  make  weight,  mthor 
than  diameter,  tho  basis  of  tho  unit,  and  the  most  generally 
useful  unit  would  appear  to  be  a  wire,  i  foot  long,  weighing 
t  f;tain.  Dy  ascertaining  the  relatiou  of  this,  for  each  metal, to 
tho  K^nersl  circular  mil  foot,  every  nccesaarj'  calculation  oau  bo 
readilT  effected.  Tlua  relation  is  given,  ea  noarlv  as  present 
ImowfedKe  allows,  in  Cols.  VI.  and  Vll,  of  Tabic  IX.,  p.  27J. 

^J5.  WiRi:  Gauoi^s. — Wire  is  uaually  bought  by  Dirminghnm 
"Wire  Gauge.  Iloro  is,  however,  a  name  without  an  obj^-ot 
bulouging  to  it ;  for  no  one  can  tell  what  tho  Birmingham  Wire 
Gi>u)(u  is,  and  diflereut  dealers  will  differ  two  or  thruc  sixes ; 
while,  in  the  finer  wires,  tt  is  a  mere  chanoo  what  vrill  bo  ob- 
taiiieil  fur  auy  gauge  aaked  for.  But  there  ia  now  a  real 
k'lj^ttliBed  set  of  figiirts,  known  as  the  Slaudanl  Wire  Gauge,  by 
which  tiaders  would  be  bound ;  though,  as  in  the  procoes  of  wire 
drawing  tho  sizes  vary  somewhat,  it  is  by  far  the  best  plan  to 
obtain  wire,  not  bygauges,  but  by  specified  diameters,  or  weights 
per  length, 

SriN0.iK[i  W'lKK  Gauuk. 
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.,,53^-  T'0-jaTilhmg.—la  applying  the  principles  of  j  514,  aud  in 
illustrftting  the  fonnnlio  based  upon  Ijiom,  lomploy  logarithms. 
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Boam  roAJcrs  nutT  think  this  ftbuimw.  bat  it  is  tlie  simplMt  of 
all  modoa  of  cftlcnlatioii,  most  aocareto  and  npid,  nad  loaat 
Citigning  to  the  brain.  Their  nco  cftonot  bo  too  Htronglf 
rcoommondcd  to  those  n-ho  hftvo  to  nwko  iiukity  catc<il»tiutk«, 
and  hare  not  praciiGnl  the  nso  of  iho  ilide  nil«,  which  i»  iu  fitct 
a  logarithmic  machine.  Tho  rxamploa  and  fonnnUe,  Uaring 
thoir  decimal  valnee  given  bI«o.  can  bo  work4;d  ont  in  tho 
ordinajy  manner  by  thoao  who  pnifor  to  do  BO. 

$ij.  A  WiRK  is  simply  a  cgiinttfT  ocatpyi^f  o  eertain  nwiwurv- 
mes*  oftpaw.  The  weight  of  tbo  cj^linder  will  dopond  Hpon  tho 
sjiocinc  gravity  of  the  material  which  fiUtf  tho  snaco. 

A  nbie  inch  o/wtiter  weighs  152 '45627-^*  and  this  multiplied 
hy  13  and  by  '7854  givrs  tis  tho  weight  of  a  circular  inch-foot 
of  watvr;  and  that  multiplied  by  tho  npccilio  eravitj  of  any 
metal  gives  the  weight  of  a  cimilar  inch-foot  of  U;nt  molnl,  and 
tbiut  tho  datum  for  all  required  calculations.  I  will  woitc  thi» 
ont  in  tognrithniH,  taking,  as  a  basis,  ooppor  specific  gravity 
6'9,  this  being  tho  atorage  specific  gravity  of  good  copper 
wire  :— 


Ciibto  inolt  of  water  251*455 

12  in.  por  foot      

■7854,  ntioofciroU  to  square 

Oircnlar  inch-foot  of  «  ater .. 
SpedSa  gravity  of  copper  8  ■  9 

Ctnmlar  indi-footof  copper 


3-4011857 

I -0791813 

"i- 895050  ■) 

}-j7fl4S7d  =  aj79-) 
4-Si59478  =  31 176* I 


Sj8.  ThU  diviilod  by  looo  x  1000  =  i,oc»,00o,  givoa  tho 
weight  In  grains  of  a  wire  of  a  circular  mil  ono  foot  long.  In 
this  wftjf  aro  obtained  the  figures  tn  Column  11.  of  Table  X.  of 
the  Tariotis  constants  rcquin-d  In  oulculutlonn  n»  to  wires. 

By  dividing  i.cos.doo,  tho  circular  tiii7«  in  an  incli.  by  tho 
wfciyht  (if  tbo  circular  inch-foot,  wo  obtain  tho  sectioonl  area  iu 
mils  (or  number  of  miU  it  occupies)  of  a  wiro  weighing  ono 
grain  per  foot.  This  givoa  Column  III.  of  tho  Taldo  of 
CoBstanta. 

1,000,000=10* G-O0O0O30 

Inoh-Footof  copper,  J1176-1      ..     4-}a58478 

Jfil*  per  grain-foot,  G.  3)i '67415  jj=  47-32 

sq.  root       

.  Diainotor  of  grain-foot 0-8370751:3  £'873 

*  A  nteiA  drtonahiktbD  mokM  it  iti-iSG,  bat  it  is  net  ogccobit  lo 
alt«t  uli  Um  figurM  for.thn  .maU  dlffcronrto.  ' 
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5}9.  Atwtimiiig  aa  ourr«ct  tlio  ruHiotAiico  of  one  foot^friJa 
wire  givca  in  I'able  IX.,  wo  obtain  all  that  in  nooOMOty  to  com- 
plctfl  tho  daUi,  tLs.  tint  rv«istance  of  tlio  unit  foot-gnin  wire 
vrhioli  I  bavo  calcuUtoil  at  Co^and  itisert«d  in  Colunui  IX.  of 
Tablo  X. 


BcsiBtADco  of  soft  copper, 
Ono  foot-grain  at  )»=•,  -2064 
Oorroction  for  aS",  r'0605  .. 

TJait  resistance  at  60',  U.  .. 


-1-3147097 
0"Oj55io7 

-1*3402*04  =  -21889 


540.  CoJtSTAsra  or  Usit  Wirb*. — T«bU  X.  gives  the  principal 
OonKlatitA  required  for  calculations.  Thoso  for  Oorniun  silver 
and  briifis  aro  for  average  values,  and  those  of  Col  urn  d  IV.  for  the 

E bin-foot  resistance  U  ought  to  bo  dotcrmiiiod  for  any  pardon- 
:  samplo  if  oiactnoBS  is  required.  In  the  cnso  of  Gonnan  silver 
it  may  varj'  50  per  cent.,  and  in  that  of  copper,  in  proportion  to 
its  conductivity. 

Table  X. — Cosstant*  or  Unit  Wicia. 


I.         TI.    M                 111.   •; 

ir.  u 

Aprclftfl  OrAliiii[Kr    An4ki  fniVipfr  CTAtD- 

Ucaliuon  ■!  aV  Pihr. 

(Ttvlly.    mil-fuiL 

font. 

vt  TbxjL  p^ln.           _ 

TViilcr    ,,      .. 

I* 

ooij;9J 

410-39    3-4l};4l) 

'Oliaa,            1**^  ^ 

Copper  ,.     .. 

u 

oj(i;6i,  47-iJ    ■'C741511 

•1189— ■■j4o:io4 

Iron       .. 

■oiS;5)o 

Sr68    I'JJI44;S 

fi6)4    o'ofiSJiJJ 

aennan  £11  nr 

»  7 

■010 700 J 

48-}!     I-6(I4«))S 

1*6699    o-49649}9 

Braui 

B-4 

■ciD^BG} 

}o'o)     !■ 699)6 19 

•99JB-I-997)J6J 

rintinam 

it -A 

■oSi»o6 

Ij-ei     1']9)]7)>1 

1-86:9    0-AJbe>ii9 

Carbon  .. 

t  G 

■00)807 

]&i'68    a'4i94))i   K'iV       )'9Boi]91 

541.  FoRMOLJ.  FOR  WiRRs.— Astlic  following  formnlic  (liflTcr  in 
Hiivei'nl  iKiints  from  thoxo  geticmlly  given  to  atttUD  tlio  winio 
rviKiilta,  it  may  bo  explained  tlint  tiiis  ir  owing  to  thodefinito 
sysluin  of  wUicli  these  form  apart.  Moxt  other  fonnnUe  an  nngl« 
ones,  dcTiHed  each  for  its  own  jmrpone,  and  often  based  upon 
mere  actual  ni«afiures  of  particular  wirca,  which  often  vary  in 
quality.  Thoio  given  Len>  may  have  no  actual  superiority  ovor 
thoM  othon,  except  as  forming  part  of  a  definite  system  based 
Uj>on  uathemutical  truths,  and  liuki'd  especially  to  the  concep- 
tion of  n-ircH,  not  aa  e<ach  s«»arat«  entities,  but  aa  coufiistiug  of 
collections  of  unit  wirM  of  definite  projwrty,  thus  giving  to  d* 
au  extended  weaning,  from  the  mere  KinukTi)  of  the  diuint-ter  of 
eingle  wires  to  the  number  of  units  in  aU  wires. 


n 


roKumji  or  vtuks. 

;4}.  Stumu  oeb  ix  the  F(»iict,.£.— Let  tho  following  lotti 
raiiroeent  the  nqnisito  particulars. 

Vi  =  weight  in  grnins,     W  -j- jooo  =  weight  in  ponnda. 
tv  =     ditto  per  foot  =  M  x  d'oT/fl  —  O. 
H  =     ditto  per  mill-foot  sBXtorl-^GorU-f-**- 
M  =     ditto     dittoof  water  =  •oo»379j  Log.  ~j" 3764578 
d  =  diameter  in  milla  (inch  'Ooi)  ^  ecinare  root  of  d*. 
(f  =  square  of  diameter  =  are*  in  circnlnr  mills  =  10  x  0> 
G  =  area  in  mils  of  the  grain-foot  ^  1  -^  liT  or  u  •?-  U. 
ff  =     ditto    ditto    of  water  =  430' 39.      Log.  3-Cl)541] 
t  =  length  in  foot 

■  s  specific  gravity.     =  U  -4-  n  or  U  -^  (u  x  *»), 
11  =  reeiatanoo  in  ohms  at  £0°  Fnhr.  U  x  '  -r-  W. 
r  -        ditto     per  foot  =  R  -r  (. 
U  =        ditto      ditto  of  tlio  grain-foot  =  r  X  « 
H=        ditto      ditto  of  the  mill-foot  =  U  X  O  or  FM  S. 
B  =  ipooiGo  rc«tst«aoo  of  cubic  ccntimatro. 

ohm  =  •  X  00000166J4.    Log  -7*«07)9i 
ditto  for  microhiaii.  indox  "i ;  for  C  Q  S  aniln  3. 
It  X  rodprooul  of  tlic«o  constants  giTO«  ii. 
«  X  »i  giv<!H  all  ttio  data  for  weight,  &c  wo  that  from 
thvM  twodataallFcquisitoinfonnHtioDcan  bocaU 
cnlatod. 

543.  DiiURTEit. — To  aaoerlaiD  tho  ncr,  or  gaugt,  or  tho  dl 
mtUr  o/aay  wir«,  d,  weigh  and  ucaHtira  carefully  any  convcnir 
piece,  and   n-duov  to  ffnins  por  foot.     Multiply  thia  by  ' 
conctant  O  in  CDlunin  III.  (47' JJ  for  copper).     This  gives 
Motional  area  in  oireiilar  miU,  iF,  and  the  sqiiaro  root  of  ] 

the  dianwtor  in  niiU,  d.  

d  =  ^wTT. 

£x,  4  ft.  wcizli  1*15  gM.     ..  o'49fl} io6 

DiviJMiby4 o '6010600 

w,  gruins  per  foot "i '8961506  =  0"7S8 

0,  constant  for  copper,  47 'a  J      ..      I'674IS33 

<f',  sectional  ar«tt 3)1  •5704018  =  37 '10 

d,  dinmetor  in  mitt      'o'7S520i4  =  6-1 

For  other  metals  proper  cvmrilantii  nhould  be  used. 

.BcsMtanM  o/a  leaglli  bdny  knom  x  by  ooadootivity  and  ~  D 
length  iu  feet  to  rednco  to  resisinnce  per  foot  as  pure  coppe; 
=  r;  then 

GxU-rr  =  rf'.  GxU  for  copper  =  io'3j6s  Log  i- 
orU-s-r  =  wxG  =  <P. 
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544.  'WEinBT  r>n  LtstiTH.— Tftc  diameter  Wnj;  hiown,  to  atferlainj 
the  WEKiHT  0/  any  length,  or  (/le  l.txoril  0/  any  wn'jlit,  Diulliplj 
ihe  Kqunro  of  tho  diamotcr  by  Column  II.  of  tliu  T»U«,  lh« 
ffriiiiiM  por  mil-Toot.  This  gives  tho  wcigbt  111  grains  per  foot, 
from  wDioh  all  rcqtiirci]  weights  and  lengths  are  aNCcrtaiQaklo 
by  common  arithmotic. 

Or,  dividing  the  sqnare  of  tho  diamctor  by  the  areaof  thogrnln- 
fuot,  G,  Columu  III^  will  alao  give  tho  grains  por  foot 

54;.  For  eojpper  teire,  the  square  of  the  diataettr,  with  following 
coimtants,  will  give  the  porticulttr  information  in  each  case. 


Feet  por  pound,  divide byd'.,         3}o;€o 
Yiirdu  ]>cir  jummi,      ditto      ..  I101B7 

Gniiim  per  foot,  muUiply  hyd'  O'oai i7C>i 

I,l«,  jicr  icoo  feot,     ditto  O'oojoiji 

lil*.  per    mile,  ditto  o'oiS97j 

Lbs.  pur  nautical  mile,  ditto  0'oiB4i4 


Up 

5-0421289 
-a-ja58473 

"J • 4807498 
-1-3651551 


ITio  Miuo  constants,  used  in  the  opposite  manner,  will  givo 
the  arta,  and  hence  i\i<i  diameter  of  a  air^  of  which  any  of  Uiese 
parlieulars  aro  known. 

The  following  constants  also  furnish  usefnl  data  as  to  oopper 
wire;  they  are,  in  fact,  the  rcfiiet«nct«  of  a  wire  of  one- 
thoTiBandth  inch  diameter,  of  the  length  named,  at  60%  Mid  are 
to  bo  divided  by  the  sectional  area  in  miU,  tf . 


Ohms  por  foot  at  €0" 

Ohms  por  yard         

Ohms  ptT  milo         

Ohms  por  nautical  mile  at  £0" 
Ohms  piT  lb.  divide  by  d* 
Fcot  pi-r  ohm,  multiply  by  6? 


10- Jj65 
JI-009S 

&3I91S 
j,4t6,8as 
0- 095-447 


Lor. 
1-014)735 

'■49'49J9 
4-7)70065 

4-7987759 
-3-9§56»74 


S46.  EBSi-fTASCE,— To  Mcertain  the  iiKsrsTiKm  of  any  wire  at  6o% 
divide  tbo  unit  reaiatance  V,  Column  IV.,  by  tho  weight  in 


grains  per  foot.     This  gives 
multiply  by  li'Ugth  r&ciuired. 


tho  n-sialaDoo  per  foot,  whiiJi 


I 


E  =  U  X  -. 

w 


i 


MSWKTiriTT  or  wimta. 


Or,  moltiply  U  by  tlie  length  in  fuel,  ami  divklo  tlio  product  by 
the  area  miiltipUed  by  U,  the  gnina  per  mtl-focit. 


B  = 


Vt 


or 


U       / 


Tliis  liut  formnU  gives  unotlior  consUnt,  tho  reaistanco  of  tbo 
nit-foot  at  £0°,  which  might,  if  preferred,  sorve  as  tlia  principal 
unit  inntiwd  of  tho  grnin-fooL 

547.  CosLiucTiviTV. — Moa«nn>  tho  resistance  of  any  oanTonient 
loDCth, correcting  for  tcnperatoro  to  6o''  Dirido  by  tho  I^^l?^'^ 
in  foot,  and  multiply  by  tho  woight  in  grains  per  foot.  This 
gives  tlie  rviiiHtanco  per  gr<tin-fo(>t,  or  spcdlio  rvsiBtanco,  by 
which  divide  the  unit  0*31889.  Tho  qtiotiont  is  the  condac- 
tivity. 

Tlie  ftchul  ineaKurement  of  wire  for  its  rMJatuico,  in  onlor  t«> 
osoortaiii  it*  cund activity,  mtty  bo  vfGnotod  on  throo  distinct 

(i)  Tho  mmBnrement  of  any  length  and  reducing  tho  length 
nnd  resistance  to  the  unit  foot-grain  or  mil. 

(2)  By  Clark's  gystent.  Aatandardwiru  of  copper  is  mounted; 
italoDgth  or  sizo  is  of  no  consoqneuce,  but  its  resiatance  is  made 
o-  I}i6  ohm  at  60°.  being  equivalent  to  a  pare  wire  100  in.  long 
weighing  100  grains;  the  conductivity  of  any  other  wire  is 
mea)inr<id  direct  by  Ixilancing  tho  ncoeseaiy  length  against  this, 
and  will  bo  as  tho  siiimro  of  its  length  in  inches  dividnl  by  its 
weight  in  grains.  This  has  the  ailvuntage  of  ronuiring  no 
ooiTuotiun  for  temperature,  as  both  the  wires  vary  hUkc,  euro  of 
course  being  taken  not  to  so  pass  cniront  through  as  to  act 
Dn«]ually  on  them. 

(])  Ueasuro  and  weigh  any  length  of  which  tlie  ivsistance  is 
known,  and  multiply  U  by  the  length,  and  divide  by  weight 
per  foot,  which  givi3S  the  ct^iiiralent  resislanco  as  pore  copper 
which  divide  by  tho  actunl  resistanoe. 

The  relative  ootid  uctivity  of  any  metal  as  compared  with  any 
other  taken  as  standard  can  be  calculated  thus  for  oqual  weights 
or  equal  socticms ; 


0  or  a  of  alandardx  lOO 
U  or  •■  of  substance 


thus  !i'j7:=9-'?'X'.'^=,8-45 


Columns  IV.  ajid  V.  of  Tabic  IX.  ai-e  obtained  in  this  way. 
548,    CoFPSE.— This  varies  very  greatly  in  its  eleotrio  proper 


&S3  oaxDucnvnT  iNo  nKsmixce.  [;4> 

ties,  rangiag  ia  coDductivity  from  98  per  cent,  m  low  m  50. 
It  is  of  gT«ftt  ioiportancu  to  fttt«nd  to  tliis,  for  in  making  ui 
iostrumctit,  bo  it  n  galrnnonicter,  an  electro- iiiaguet>  or  a  coil, 
tbin  wire  of  good  ijuuUtjr  will  ulluw  tlie  number  of  turng  to  bo 
incroaied,  or  tlio  instrument  made  of  amftllar  size,  with  equal 
couductanoo,  oh  oomparod  witb  one  made  of  poor  wire. 

Matliicsson  gives  thu  rtflativo  ouuductivity  of  varioiiB  coppers 
as  compared  with  bard-dr»wn  silvor : 

Fnra  oopiier :  T»nir«T»tnr«, 

0x100  lednood  by  hTdrog«D     .,  ..  9J*oati9'$0< 

Electiotype,  not  mcllc-d    ..      ..  ..  93 '4^  „  ao-2  „ 

„  fused  in  hydrogen  ..  93*76  »  19*  j  » 

Tlwcoiiduotiiig  powcrincreesedabout  3  percent. by annonlitig 
tbo  wires. 

Imptin),  or  commercial  ooppera :  Tdtnponttura. 

Containing  red  oxide,  melted  la  air  7j"33  at  19*  5  C. 

„        o'9f  of  pbospborua      ..  i}''4  ..  >i'i  .. 

,.        2  80  per  cent,  of  arsenio  ij'i^  ,1  19*1  >, 

„         I   Co  percent,  of  zinc    ..  5t'98  „  lO'j  „ 

liking  tlio  puro  electrolype  copper  an  ntaiidard,  or  100 — 

Spantsb  (Sio  Tioto),  coutuiniug  nn<i;nic,  iron, 

load,  J^C  was  ., '4"*4 

Pniwian,  with  traces  of  eaiuo    „      ,.      „      „  5()'54 

Tough  oako  7i'0j 

Australian,  Bnrra  Bur ra 68-B5 

Am«ncan.  Lako  Superior 9i'57 

ThcKO  figures  show  that  cxcollont  oommercia)  wire  nay  be 
very  bad  for  electrical  purposes. 

549.  Tadls  ok  (Joppkr  WiiiE.— Tbia  is  coIouUted  on  the 
formultc,  i4  543-^1  for  the  most  useful  sistes  of  copper  wire,  but 
iU  readings  may  bo  translated  into  the  valuca  of  other  metals 
by  the  fouowiiig  ooustanta : — 

Lor, 

I.  ■Weicnr*.         [Inn        'S^Alt  -f^ijOAi 

ltulli|>ly1ij  jUirrnuBilvcr       ..         '971(18         "cj^oiigj 
lUraa ■q4}ai  -1-9748891 

3,  LBKonia.         [Iton        1-1400;  o'0{7J9[4 

Hultipljr  bjr  jOonnan  SIlici      ,,      i*0):)8  0-0098707 

J.  BttnsTAiics.     jlroi J*li49  e*  71549(8 

UulUi>lTb7jCt<Tsi*aEIlTcr      ..     t>'if»9  fo»6iSii 

(Bn»M      4-S4  0'6s;o5J9 


4-  Lixmn  or  ItmsTAsci  <Ool.  IX.)  diTldv  by  tlio  Muitwiti  in  j, 
wbieh  M«  the  caDdnolidtin,  eoppa  baiiig  t.  In  like  tannTipr 
the  eondvetiTity  of  •nj'  commeroisi  eofpcr  or  otbtr  axlt,l  vill 
fire  Um  oasR«tioa  to  mnplojr. 

Tho  most  usenil  dat«  Lavo  bc«D  diosen :  thiu  looo  feot  is 
takoD  WittnRo  the  oliange  of  tho  dmrnnl  point  ooaTorta  tho  v«1hu 
into  thftt  of  t,  10,  or  loO,  wlulv  niiiltinlying  by  5*38  conv^rtn 
it  into  «  milo.  Tbe  laat  column  will  bo  useful  in  solcctjiig 
wiree  for  «ny  purpose,  eapacially  lui  uiiiltiplying  by  i  ]  give*  tlio 
value  in  avctagA  German  silver.  Tho  SgurcB  in  tho  fool-grttin 
and  mil  liniHt  ore  the  couBtaiitu  for  um  in  tho  fonnulie.  Tho 
diamoteiB  are  shown  in  RiUlimutrM  for  compariaoD  when 
requind ;  nrhilo  tho  mllliinetni  onil  motTxy-grammo  lines  fiirnifh 
constant*  for  caloulations  in  tho  motrio  meosuroa,  in  thv  sna\o 
manoor  as  is  described  for  th«  foot-grain  qratem. 

5;o.  RICSI9TA3ICB  or  Liquids. — For  onual  dimensioiis  thin  is 
vastly  greater  than  that  of  motols,  but  it  is  subject  to  tho  cnmo 
laws  ;  it  varios  invorvely  as  tho  sectional  area,  and  ditxtctly  "o 
the  length.    Therofurt!,  by  doubling  iho  area,  or  what  is  fro- 

JnantlT  th«  same  thing,  doubting  the  size  of  the  plates,  wo 
alve  the  reristanoe.  or  may  double  tho  di§tauc«  apart  without 
increMtng  tho  resietanoe.  This  holds  exactly  tme  only  wbeu 
the  pUto  fills  a  c«ll  of  squar«  section,  as  to  which  seof  5^;. 
The  law  also  holds  true  only  as  to  the  real  liquid  ro^istanoo, 
the  molecular  motion  in  tho  liquids  themselTea.  There  aro 
really  three  elements  of  resistance  in  moat  liquids: — 

{1)  Tho  tmo  liquid  reststanoe  just  spoken  of,  and  to  which 
alone  this  section  rofong. 

(3)  The  resiatanoo  at  contact  of  the  plate  and  liquid  which 
Ttrios  the  actiro  area,  as  when  a  gas  is  given  off  and  cohere 
part  of  the  BUiface :  this  may  be  regarded  as  analogous  to  dirty 
surfaces  or  bad  soldering  with  wires,  &o. 

(})  Au  absorption  of  energy  when  an  oleotrolyto  is  deoom- 
jMMod  which  has  been  giTeo  the  confusing  name  of  "  polariza- 
tion "  of  platts,  as  to  which  se*  5  292. 

The  reeistauc«  of  a  porons  cell  id  really  duo  to  the  reduction 
of  tho  area  of  the  liquid ;  hence,  if  thia  bo  nit.'Usuiod  in  ohms,  it 
will  be  different  if  the  liquid  is  a  gmiA  or  bad  eoadnotor,  as  tho 
I'eal  tliiuif  measured  is  the  conducting  oapaoily  of  tlio  liqaid 
absorbed  in  tho  pores. 

Heat  has  tho  oppoaito  effect  in  liquids  to  lliat  upon  metals: 
fur  beating  dimiauket  the  resiatanoe.  In  aomo  cases  tho  to- 
■iataooe  at  ji°  is  three  or  four  times  as  gnwt  as  at  213°,  and  in 
the  OMe  of  soda  lye,  nearly  100  time*  ts  great. 
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551-  Except  nict-iln  when  fused,  or  liquid  like  mCTCnryilianiila 
appear  ncit  tii  coiithidt  electricity  otUerwiae  tlian  by  clectrolytio 
dooom]i<Kiition.  Thiut  oiIh,  *Ioo1io1,  &c.,  are  very  perfect  lo- 
Bultttom,  mid  cvl-u  water,  wkeu  abHolutcly  pure,  doea  not 
conduct,  but  when  containing  g&aea  or  ttalino  biHlira  it  breaica 
up  und  coudticfs:  then  the  oouductance  dependa  upon  tlie 
BiieciGo  property  of  the  subfltanco,  and  tlio  concent  ration  of  tho 
solution. 

f'jj.  1  have  collected  tho  most  imitortant  inf^innation  araiU 
0  in  the  following  Tulilc,  from  wliioh  it  ujipcant  that  in  HOino 
oaHea  auturalcd  nolutions  are  tho  bowt  Ctjnductom  ;  in  otiieni 
there  la  &  particular  degree  of  saturntion  at  which  rwiittanco  ia 
leofit,  comlnctivlty  diminishing  l)olh  iihovo and  bolow  it.  TLcso 
ktter  aro  doliquc-eeent  or  (txtrcraoly  soluble  wtltti. 

RKSl-fTASCK  OF   LlQUnXS   ASn  iNSUI.ATOaB. 
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jjj.  STKncnnu  or  LiQOiDe. — It  iBgenersllyaitctimodthnttLo 
flnia  atato  ia  atrooltirelcflB,  bat  the  peouliiuitioa  of  liquid  com* 
daotA&oo  indicate  the  presence  of  somotLing  like  atructure,  and 


oosDDcnos  an  uovim. 

may  Uirov  L'(;lit  upon  tbo  nnluro  of  Holnlion  and  npoo  Uio 
quoBtiim  wh«lh<ir  c-nrstAllitto  bodies  dUsolvo  u  bqco,  wtlh 
tlieir  water  fomtiug  part  of  tho  dimolred  niolecillc«,  or  whether 
ooly  the  salt  iteclf  is  dissolved.  Many  chemical  Cacts  t«ad  to 
show  that  salts  which  crystalliKo  in  tn-o  or  more  fonns  witli 
diS«rcnt  amoants  of  water,  havo  difCcretit  Bolubiliti^  in  (ho 
different  foncs.  A  Gorman  chomiat  has  qnite  rcoootly  aaaortnl 
that  Bomo  litgnids,  oreanic  i;tibetancc«,  »how  dofinito  axca  of 
elasticity,  like  crystals,  vrhoQ  a  drop  is  examined  undfir  & 
niicroacape  by  polarized  lieht.  At  all  eTcnts  it  is  well  known 
th^t  man  J  liquids  do  this  wfaon  placed  under  electric  or  magnetio 
etreeaeA,  bo  tiiat  the  lines  of  for<X)  can  bo  traced  in  tbem  ;  ev«a 
in  the  ordinary  condition,  tho  rotation  which  is  set  up  in  tlio 
poUiized  rays  of  light  implies  that  tho  solntion  is  not  rvallj 
bomogeiieoQS  but  poaaoEecis  some  sort  of  structiire,  just  a« 
apparently  transparent  crystals  do. 

\<f^.  CosnacTios  ritKi.<L'>iii  Liquid*. — It  might  be  supposed  that 
electricity  takes  only  tho  shortest  and  stinij;htoiit  luilh,  ait  it 
in  often  BfiBert«d  that  lightning  docs,  and  that  in  a  lirfuid  with 
two  pl«tc«  in  it,  the  curront  would  bo  confined  to  tho  strataia 
of  liquid  lyin^  between  tho  plates.  This  is  not  the  caso. 
Eloctricity  divides  itself  through  every  path  opou  to  it  in  tho 
ratio  of  the  resistances  of  oaoh  path.  Thoreforo  if  dniall  plat<«  ara 
immerHid  in  a  largo  vessel,  every  j^articlo  of  liquid  in  the  yc«so1 
will  form  itself  into  a  j>ath  for  current.  This  may  be  teelcd 
by  meana  of  two  wires  ^xed  into  a  frame  and  connected  to  a 
galvanometer.  On  dipping  these  into  a  liquid  through  whiuh 
carrcnt  ie  passing  they  will  ferni  part  of  tho  circnit,  repladng 
the  liquid  lying  Ixitwotii  thc^m,  nitiiouch  thoy  have  no  luetallio 
connection  to  the  platen  or  hatterj'.  In  this  way  the  diroolion 
and  density  of  tho  distribution  of  current  may  bo  mapped  out, 
just  as  it  may  in  a  shoot  of  tin  foil  by  means  of  a  pair  of  pointa 
nud  is  a  similar  mnnnor. 

Tig,  fit  shows  tho  facts :  oven  tlio  hacks  of  tho  plates  tako 
part  in  the  action,  and  it  is  greatest  upon  tho  edges,  from  tho 
same  cnnnoi  which  render  pointa  and  «dgcs  active  in  statio 
eloctricity,  S  56.  Hence,  the  Imcks  of  bottorj'  pliito*  are  to  some 
extent  active.  Mount  a  pair  of  platen  with  one  sido  vamibhod, 
as  a  l»ltery  or  in  a  coppering  cell  with  a  giiIntntimcter,andnot« 
tho  effect  when  tho  varnished  or  ibo  Iwire  inden  are  opposed. 

55;.  GAinit  CiKCuiT. — Th'-«cfnot»expluin  why  tho  resistanoo 
to  a  telegraphic  return  cnrntnt  by  eurtlt  pktea  is  mo  small  as  to 
count  for  nothing  as  comjiared  with  that  of  tho  wire.  Tho 
return  currvnt  passes  throngh  tho  liquida  of  tho  earth  and  sea 
just  as  in  the  case  of  a  comnion  decomposition  cell,  nod  its  plutcs 
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ftio  subject  to  tho  HMue  effects  of  poUmatiou,  but  the  linoe  of 
ourront  aro  not  limited  :  they  spread  out  iu  all  dire«tiQii»,  ae  in 
Pig.  63*,  and  tbo  mult  ia  tiiat  the  only  uotual  renstanoo  is  of 
tho  order  3  and  3,!  J50.    There  is  auotbwr  theory,  favoorod 

Fw.  83". 


chioRy  1>y  mikllKMuaticInuR,  tbat  tlio  eartli  may  bo  roo;ardoi]  w  on 
infinite  rosorvoir,  §  ]j,  or  else  as  an  iuflnilo  pair  of  condunnitig 
platoa  io  which  tlio  xjotcotiuls  set  up  in  tho  wii«  anj  lowervd  to 
zero. 

But  tfwD  oncIuMO  a  liiguid,  or  nioitit  earth  in  a  tube,  wv  find 
that  tube  u(  a  conductor,  niid  it  nets  iii  all  reapcot*  lift  a  wire 
does;  we  may  k-ngthoii  it  or  aM  tuU:  to  tube,  still  thv  Kumo, 
Btill  ihoroaibtauceaH  it  giuws  obeys  thodefinitolaws:  why  then 
act  up  a  now  idea  when  we  deut  vritli  the  au-Lh?  This  id,  wo 
know,  a  mass  of  cleotroly  tcH,  and  we  kiiow  alao  that  lli«  platos 
not  exactly  as  two  pUtea  iu  a  solution  do.  Tho  analogy  has 
anotlier  view  :  if  we  ubo  n  copper  eurtb  plate  iu  Loudon  atxl  a 
siiio  eartli  plale  at  a  distauce  uud  iu  aucli  a  din-ctiuii  us  climi- 
natea  tlie  dislurbin^;  action  of  the  untural  ourrcnU  of  thu  rurth, 
tboBO  plates  act  precisely  as  though  they  were  in  a  cell,  they 
jirodueo  a  current  traversing  the  wire,  and  if  we  Hoak  the  parlh 
around  the  copper  nlato  with  a  copper  salt,  we  get  all  tho 
elTcotti  of  a  Daniell  coll ;  is  it  not  obviona  then  that  the  iuter- 
nieiliate  earth  is  acting  prociacly  as  doca  tite  liquid  in  an 
onltuary  cell  and  conipltting  tho  drcait  of  the  current  ? 

;56.  MiLiEtriiKMEKT  or  Lii)UiD  RratSTASOis.— This  is  difficnlt 
because  ijl  the  Bo-cAllod  "  polarisation  "  offocts  nt  the  elcctrodea, 
and  the  skin  rcsiiitaDco,  S  $50.  Slost  oipenment«n  employ 
I'Dggendorf'a  method  of  alternating  current,  but  it  Beetns  very 
doubtful  whether  this  roally  moanine  tlie  oonductanoe  ol  the 
column  of  liquid,  or  the  HUcoesnTo  duurgee  set  up  on  the  plau-s 
and  the  liquid,  acting  as  condenser.    A  very  simple  iiistiuuieut 


which  I  deriscd  muuy  yean  ago  geta  OTfir  all  diflSooltira  and 
redooea  the  uuMuitruuout  to  the  suuo  condltioaft  am  those  of 
wins. 

It  b  ft  Whofttslone  brldgje  (bm  p.  226),  in  vbioh  tubee  of  ^• 
ferout  lengtbH  rxjilAoe  the  wires  in  A  iind  0.  This  ia  done  by 
moans  of  H  U  tuM,  one  of  the  arms  of  which  ia  provided  with  a 
ftiACoud  tube  which  diTides  tho  liqnid  into  a  long  culumn  into 
the  other  l«g  And  a  short  one  intu  tbui  vxtn  opening.  This 
tube  ia  suspended  in  a  tnuao  fitted  wilb  binding  Krewo,  and 
attached  to  the  oorer  of  a  veaeol  contaiuing  water,  hy  means  of 
which  the  tempentture  can  lu  vanod  »t  plttaaure. 

Prom  these  wiews  electrodes  are  oonneoted,  which  di)>  into 
the  enlarged  necks  of  the  U  tube :  these  are  varied  to  suit  the 
nature  of  the  liquid,  and  the  whole  principle  of  the  aolion  ia 
that  the  eurrMt,  and  therefbre  the  disturbing  actions,  AaU  Im 

Saal  in  Ut«  tieo  bnuuhei.  One  of  the  short  arms  is  comii>oted  to 
e  batteiy,  repreaentiiig  —  of  the  bridge,  the  other  represents 
the  opening  A  and  is  oompleted  by  a  roaistauoo  instrument,  by 
whiob  the  circuit  [s  eqiuJized  with  that  of  tlie  farther  arm  of 
the  U  tnbe,  so  that  the  difference  in  lettglh  of  (A*  (wo  colttmnt  of 
liquid  is  exactly  e<iiiul  in  rvaistanoo  to  this  extra  resistanoQ 
iuserted.  T7nd«r  lliene  oouditioiiit,  provided  that  the  plates  are 
uonneotml  togolltur  to  get  rid  of  any  charges,  all  diaturbanoes 
may  be  ignored,  W^use  tliey  are  equalised  in  both  arms:  then 
the  misUiiioc  will  viiry  with  tliu  strength  of  the  ourrcut.  Of 
coarse  dther  a  good  diflfemntiiU  galrttnometer  may  bo  used  to 
replace  B  and  D  of  the  bridge,  or  suitable  resiatonoos  can  be 
employed,  but  no  multiplying  ratios  are  permisdblo. 

Tbe  data  of  Ihti  tulies  may  be  ascertained  by  first  meosniing 
some  liquid  taken  as  standard.  An  open  oblong  cell  may  be 
used  in  place  of  tnbeo,  provided  that  the  plates  completttly  fill 
tbe  oroes  section ;  in  this  ease  tbe  two  sides  of  Uie  middle  plats 
distribute  tbe  two  unrrentM. 

557.  HejITIXo  of  Wibis. — The  law  of  tho  beat  derelopod  by 
Ifaeonnent  IsC*  x  R,orE  x  C,  tbe  unit  being  the  joule,  1416, 
expressed  In  any  d«ired  form.  Thin  relates  to  the  "  quantify 
of  heat "  generated  per  second.  Tlie  actual  rise  of  tempentnie 
prodooed  i>y  this  quantity  of  haat  in  different  suhitaiifiee  ie 
deaoribed,  S  JS7. 

It  is  necctwaty  now  to  consider  what  beoomea  of  this  beat, 
and  the  ultimate  effuoL,  which  for  praotioal  reasooa  may  be  mott 
canreatently  studied  as  relating  to  (omtt  oouduotota,  thia 
becoming  nowadays  a  most  itiiportaut  sn^jeot. 

This  has  roonirbd  much  attootion  from  those  en^ngod  in  elee- 
trio  lighting,  but  the  inlonnatioa  oooHnblo  i«  still  impcrfevt, 
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und  a  valoitbla  trading  poasebsion  of  those  oonoerned :  theroforo 
wh&tevci'  uiuj-  La  aikiO  uuw  is  subject  to  TartlieT  advancos  la 
knowludjii', 

S5S.  Diwiaation  of  Htat.  —  Heat  always  passes  away  from 
n  body  of  lii);boi-  tein])erature  to  its  aurrouudinga  of  lower 
tempcruturu ;  it  d»es  ao  at  a  rale  dependent  on  the  difference 
of  t«inp(}niturua,  luid  upuii  the  s{)eciSo  i)ropertica  of  aurrounding 
bodlea.  There  ore  tlii-co  moden  vf  1  ruufmiHHioti,  Oonduetion,  Con- 
Biction,  (uid  Radiation;  tlieoe  mut>t  Ire  ntudied  iu  works  treating 
of  heut,  but  11  nlij^hl  sketch  of  tiiuir  relitlious  to  electrio  ood- 
duotore  is  neovMsury,  because  each  proc«B8  has  its  own  part 
to  play- 

Conduction  is  tranajuissiun  from  particlo  to  particle  of  a> 
BUbfitanoe,  always  froiu  the  hot  part  to  the  cold,  therefore,  in 
ocaiduotorBr  ttom  the  interior  tuwanis  the  mirface. 

Oonvectim  is  the  heating  of  gas  or  liquida  hi  otmtact  with  tlie 
surface,  which,  bemminK  ligliter,  rise  and  give  place  tc  cooler 
moleoules,  carrying  the  neat  away  with  them. 

BadiaHon  ts  the  ouustant  escape  of  heat  from  the  surface. 
aorosH  space,  or  through  air,  Ac,  which  is  not  itsdf  heated,  but 
trauafi'rs  the  energy  of  heat  to  surroundiiig  aiit-faoes  which  are 
odpiilili!  iif  ri^'eiviti);  it  »nc)  reprodncine  it  us  heat. 

5^9.  Cvndurtion  of  Iteat  Ja  effected  from  molcculu  to  moleoole 
Diuoli  MH  elbctrieity  id,  and  the  coDduotiviliM  of  metola  are  in 
olonely  the  auiue  order  for  heat  as  for  blsctricity,  though  the  rate 
of  tnuisuiissiuu  ia  much  smaller.  The  time  of  cooling  of  Himilar 
bcdiefa  JH  as  the  square  of  their  linear  dimeiisioDN,  ihiTefore,  in 
the  case  of  electric  conductors,  the  rateof  coolinR  "f  thu  interior 
portion  will  beaa  the iiquaiesufllieiriadii(ordu>inetcni), which 
means  aa  their  teciioaat  arta»,  mibjeot,  of  oourse,  to  other  con- 
siderations. It  la  evideut,  therefore,  that  Mevcnil  small  con- 
dueturs  will  be  cooler  than  one  equal  to  the  sum  of  ihum. 

Fi^.  33,  p.  78,  may  be  regarded  as  Uie  section  »f  a  cundiictor, 
nhowiug  successive  shells  of  tlie  subntuuco  tmnsmittiug  the  heat 
from  one  lo  the  other. 

ItiBulatin;;  materials  conduct  heat  badlyiut  well  as  electricity, 
therefore  Ihcy  tend  to  rotaiu  the  heat  iu  tliu  wire :  but  on  the 
other  hand,  ihejr  sDi'fucos  ladiato  heat  more  freely  than  smooth 
metal  does,  and  tlio  tolal  effect  is  iliat  covered  wires  cool  better 
than  tare  ones,  losing  heat  at  if  per  cejit.  greater  amount 
Most  insulators  are  also  liable  lo  injury  by  the  heat,  ftnd 
theiflfore  thoJr  nature  limits  the  temperature,  and  it  Is  obvious 
that  their  tliickneas  should  be  as  unall  as  is  cuuiiiitont  with 
effectual  insula ticm 
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Iron  would  svidentlj  bo  gu-utly  iufvnar  to  ooppor  m  a  cod- 
iIuotoT  far  Wge  oomnta,  avl  uiori'ly  uii  ucopuut  of  iUt  loynr 
nmdactbg  power  noooMiUUii^  Mk  oqaiTftloat  inorcMoil  weij^t, 
bat  becatue  this  loorMaed  biio  would  rotoin  tlui  b«tt  in  th« 
coadootor. 

0u6  effect  of  tbo  difforeooo  of  tho  twmt  ftt  tl]«  inasr  and  onter 
puts  of  the  conductor  is  to  in*ke  the  difforvnt  parto  uuequol  ia 
coDdooCiTitv.  tending,  oa  it  worv.  to  thnut  m  liti^r  part  of  the 
current  to  toe  out4T  portion  of  tho  conductor ;  this  lunin  toudinf; 
to  the  production  of  greater  hi-nt  in  tbcso  pnrU.  attd  thus  to  Ibe 
reetoration  of  oqttilibrium.  Tho  dutribution  of  bntt  in  the  sectioo 
of  the  conductor  will  cortiunl)'  not  bo  tbiit  of  »  body  first  heated 
and  then  allowed  to  cool,  but  ouo  of  nearl;  oqiial  temperature 
throngbont.  acootnpaniod  witli  fn^fjuoat  Muall  ohangca  iu  the 
diatributioD  of  current  througliuut  tho  maaa. 

560.  CoMVE'.TlO.f  or  llUT. — When  a  conductor  ia  sarrounded 
by  *  liquid,  tho  hum  action  occur*  an  may  bo  mwn  in  water 
heated  io  a  motal  tmuI,  wbero  a  oontinuoua  atroani  uf  heated 
particloa  runa  upwards ;  thorcforo  in  a  lai^  niuM  of  water  the 
beat  of  a  coitditctor  would  bu  kejit  down  nearly  to  that  of  the 
water,  at  its  xurfaco.  and  at  ila  intorior  id  proportion  to  the 
property  of  oonduotion  and  size.  In  air  th*  nmo  aotioD  oooutb, 
and  in  other  gaace  it  ap]K«n  to  occur  at  a  r^te  relatod  to  tbeir 
spedflo  gravi^,  hydrogen  hartng  tho  grcatcat  cooling  action. 

If  two  pieocw  of  pTatiDum  wire  of  oqtial  dimeusiona  and 
leeistance  arc  onclosod  in  tubva  containing,  t,  air,  2.  hydrogen, 
the  same  cnrrout  pasaing  through  thotn  will  raisu  i  to  red  heat, 
while  ]  n>maina  <lBrk.  If  thu  two  tubo»  are  placed  in  equal 
quantities  of  water  and  tho  current  poMtcd  through  both,  (ho 
water  anrrounding  i  will  be  tnoro  heated  than  that  around  1, 
though  tho  K  of  cadi  wbh  th«  vanui  ut  fint;  wire  I,  beoomiag 
iDoro  highly  boated,  it«  ruaistaooe  is  thu  groaUat,  and  tharefitrb 
in  it  tk«  samo  ourroul  doTulopa  greater  heat 

DtM^alion  of  Stai  h$  {Smflcofion  plays  an  importaut  ixirt  in 
oonductora  «z|KM»d  to  tho  air,  and  caro  ahoald  be  taken  to  facili- 
tate tho  actioo  by  not  placing  tliom  oloao  to  oeiliuga  or  whoro 
eiioalMMD  of  air  ic  difficult.  It  in  crtdent  aleo  that  thin  atripa 
of  metal  placed  Torticolly  will  bu  kept  more  cool  than  tho  aane 
mass  of  metal  in  a  nolid  rod. 

jfjt.  KftDUTiOK  or  Hkat. — Tliis  action  v»  always  going  ou 
&om  all  bodieit.  ouch  umiltiug  and  oooh  absorbing  beat,  with  a 
tendonoy  to  bring  all  to  the  samo  tomporaturo.  The  same 
oonditiona  focillituto  omimion  and  absorption,  and  the  ohittf  of 
theee  conditions  appuar  to  bo  tho  nature  of  the  mrfaoo.    The 
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snbjeot  of  r&diant  kent  or  energy  li  of  sfCftt  Importanoe  in  th« 
goiKnutioB  of  li^bt,  tmt  iw  reffud  eonMctont  it  ia  of  interest 
only  in  so  far  that  ito  luvra  nhow  that  the  metal  Mirfiioe,  if 
oxpDwxl,  ehoulil  not  Ixi  |K>liBliocl,  but  m  Ixwt  bkckentMl  with 
lunpbUok  ftnd  Bi20,an(l  that  if  ciiclosbd,  tliermtur  iiurfsoe  Hhould 
be  of  a  nfttnre  to  aesiiit  mdintion.  Fig.  ^3  will  hIbh  ivnvoy  nn 
idM  of  radifttjon,  4-  being  tlie  conduator  HurruunUeJ  by  uir. 

56a.  Safb  Ccrkest  is  WinEs.— It  is  eriilent  that  these  Ihrwe 
BCttons  have  difloreut  beiiriu>;a  in  different  oaaoa.  Witli  tuniill 
wirott  expoaod  to  the  air,  oonveotiou  mid  radiiitiou  an*  of  most 
oonsequenoe.  With  covered  coDductom  radintion  may  bo  of 
importance ;  but  with  oouductora  insulated  and  placed  under* 

Sound,  conduction,  and  that  the  conduction  of  the  materialH  of 
b  oartb,  will  be  the  priueiiial  agency. 

No  definite  laws  0/  relation  0/  cnrTtnt  to  rite  of  eonttaeUir  are 
piiitibte :  the  conditions  mnst  be  adapted  to  each  order  of  cir- 
iiuinMlAnoes.  Thia  in  a  highly  technical  mihjcct,  which  taxi-a 
till!  knowledge  of  the  moat  capable  engincei'S,  and  therefore  it 
can:itit  1>e  fully  considered  in  a  work  auch  aa  thia,  addreased  to 
gonvral  roadera  and  students :  only  the  (^neral  principles  caa 
bo  set  forth ;  but  the  rokder  who  wisbea  to  study  the  subject 
will  6nd  very  full  cxpurimenta  recorded  in  a  paper  road  by 
Mr.  Konnolly  to  the  Ediaun  Convention  in  1889,  which  wiJj 
bo  found  in  voL  xxir.  of  the  <  Elootrician,'  pp.  14},  169, 
and  190. 

The  wirly  Provisional  Onlera  of  the  Board  of  Trailo  gave  a 
Kmit  of  2000  amperea  per  square  inch  of  section,  afterwards 
reduced  to  looo,  and  now  ohauged  to  the  regulation  mentioned 
S56J. 

56J.  Ah  I  grain  \>er  foot  means  47 '  12  mila  (by  S  54S))  >ooo 
nmpvrcfl  jior  lujuurv  inch  means  jb-^fii  grains  per  foot  per 
ampvra,  whiiih  figure  or  its  Log  t■^^Cf^ioS  would  Horvo  aa  a 
ba«is  for  oalttulatiMiis  as  to  aise  <^  conduotom,  multiplying  it  by 
any  proft^rrcd  value. 

But  it  ia  more  L-onrcnioiit,  when  treating  of  round  wirea 
(S  5)8),  to  usu  1000  amporea  per  circular  iuob  as  the  datum: 
this  mukcH  all  the  n^iuiaito  oaloulatiuns  and  data  decimal  onos 
oonnoctod  Ui  the  siyMtem  and  formula  of  wiros  already  need  in 
thoao  pagCH.  Tht'O  we  have  as  unit  a  wire  )i'6i;  mils  ia 
diameter  (a  iimall  22  B.W.G.),  which  is  bimply  the  "  mil "  unit 
of  the  proviomt  formuln  and  the  following  data  mnltiplied  by 
IOOOl 

Tlict  fullcjwiiig  arc  the  values  of  onrreut  and  dimonsion 
arrived  at  by  different  authoritiflB,  reduoed  to^ 
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Anptni  per  x).  Inch.    Ottvlu  ntU.    Ulb  jwr  amp(a«. 
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Thta  i78t«m,  and  tb«  roUowiiig  dttU  will  fMiUitate  colon* 
latiuns : — 

UO-eitmnt      kuptn  -eoi      Loi;.  *i>oaoooM 

UIi«rairu)titT»(afn|irr«/ogO       •>      •■  1000'               .        j-oooooeo 

W«fglit,inpiIiis|i«irDct.[wruu|«re..  tftji         ,       i.jijii^ji) 

t,            Ua.  put  looofuH.     ditto    .,  J'oi)          a        o*4l)a;49e 

BaittMieapMraoiptnfeatal(o°Fkl)r.\  .„..,  _.. ..- 

iHcol  in  dUlf.,  |*T  •xsonil.  JouIm          J  *"*J*      »■         *  "^MJ?** 

MoltipUwl  b;  winaLroof  ampbM   „  x  C         „      ef  C  x  bf  1 

CoiKCticmfor  tcnporaturepctdag.  I'ooitj      ^        o'ooogjly 

RJK  po  itcoikI  in  dognjca  Fahr.  ..  *o|nt       »     i'JOMO<'. 
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It  U  evident  tbat  th^iie  la§t  vkluee  must  b«  reckoned,  not  at 
thti  t«iiiiH;TUture  of  Xhtt  siirroutiilin>;  air.  but  at  the  limit  of 
t«inj>enitiire  of  tJi«  metal  in  fall  work. 

504,  The  Wnt  of  the  etmduclor  must  modify  Ike  mil-fumnl :  tliat 
la  to  aay  §  564  ahows  that  as  the  siice  of  conductors  is  inoraaaed 
the  apetuSc  capaoity  lowore.  lu  the  aeoend  edition  of  tbia  work 
I  Boggeeted  that  the  tbIio  of  ar«a  to  onnvnt  (which  ahall 
m&tntain  Aqnal  temperaturo  in  the  oondnotor)  will  be  donorlbod 
Isy  a  logaritiiutio  carve  in  which  the  amporo  area  will  bo 
gradndly  incrtaaed:  auch  a  cnrve  would  probably  be  of  the 
charactor  of  tl  =  ,/C  x  Ci,  in  which  k  wonid  bo  a  vnlno  to  be 
dot«rmined  by  cxporiment.  In  othor  vtoiAa  th«  mil-cuircat 
wonld  bo  grailtiitJly  lowtvod,  or  the  anijwro  arat  inorowNrd  in 
Bomo  ratio  of  0. 

Experienco  lins  proved  this  to  bo  tlio  oaao,  and  n)Tt>ral  BOoh 
ourree  are  now  emploj-od. 

The  qnoetiiirti  ronlly  in,  what  rite  in  Itrnp/ralure  can  btpermitledt 
Of  coono  the  initial  mil-canxint  would  bo  difforont  ucocinling  to 
whether  bore  wires  wore  nscd,  or  iDHnlatii^n  of  diffunint  kinds; 
also  the  penaifeihio  riw;  will  vaiy  greatly  undor  difforont  con- 
ditiouE.  Bftro  wiroK  in  inacooniblo  pc«itiooB  would  allow  a  much 
higher  t«inporaturo  than  inanlBtoa  wircK,  or  wirui  travoraiuK 
^tacos  'where  injury  can  be  done.  On  the  otltvr  band,  innUated 
wires  cool  meet  rapidly,  $  559. 


oovPDcnmT  and  besistaucb. 


[s«s. 


565.  Tho  next  queHtion  ia  how  to  baUneo  gonoTBtiun  And 
iliaaipntioii  of  heat ;  t»  Boonro  a  defined  equal  ttmpomturo  in 
oondncton  oarryiog  diflbrent  ourrenta.  The  dUfiipatJon  of  tho 
hont  ia  ia  (net,  whatAver  the  mode,  a  fuuctiou  of  mr/aee.  Knd  in 
iwIh,  i!r]anro  or  roond,  turfaee  increaeea  at  (A«  diamtltr  only, 
while  urea,  or  ourreint-cairying  power,  inoreases  a*  th«  tqiiare  of 
the  diameter:  thororore  with  oqDal  mil-ourrents,  the  bent,  in  tho 
oonduott^r  increasee  as  the  equaro  of  the  earface  through  which 
it  in  t(>  bo  diasipatcd, 

A  raU>  givoD  l>y  tho  Commiltee  of  Hm  lust,  of  £1.  Enginoora 
forfiro  risks,  And  tvdoptcd  by  the  Board  of  Trade,  Utbo  "conduo- 
tivity  and  eoctional  area  of  any  conductor  ^ho^lld  bo  so  propor- 
tioned to  the  work  it  has  to  do,  tliat  if  doubh-  tho  CHrrciit  pro- 
posed be  sont  through  it,  tho  tempeiaiord  of  auoh  conductor 
■hall  notoxcoed  150°  Fahr." 

Tho  Inst,  of  KnginecTS  of  the  Colony  of  Victoria  bavo  fixed 

upon  the  formula  C   \/  _  wh«ro  R  is  tho  rctdtttanco  of  Coo 

fctit  of  the  conductor  at  150°  Fahr.,  and  D  Itsdianiotor  in  iniU. 
'J'hifl  gives  a  current  density  grtalor  tlion  icoo  ampervs  por 
Biiiiare  inch  for  small  conductors,  and  connidiTubly  lees  fur  largo 
ones,  the  oimditions  shown  (S  564)  U'  bo  prwper. 

566.  Mr.  Konnelly  ahowH  that  u  lisoof  10  Cent,  ia  a  pomiia- 
eibio  limit,  prBotically  tliat  adopted  by  tho  Board  of  Trade,  8  565, 
and  gives  the  formula  of  tho  curve  arrived  at  by  experimvnt  aa 

ITdbe  to  i[icl>ei        0  =  Joo  (l|itnd(l=  o-«l4J  0  | 

iniln  „       foijjs    „       „         I4'7        •. 
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and  whon  d  is  in  inches  and  G  in  amporca  d  =  ^y/  — 

These  foimuln  are  for  iuMilated  oopper  wire  of  98  per  cent, 
conductivity  euolc«od  in  wooden  oaaes,  as  is  now  generally 
done. 

Fig.  £4  preM-Uta,  in  a  siiuple  uiauuer,  tho  relation  of  dimt-n- 
sion  and  currant,  »i  what  may  be  called  mittage  and  amptrage. 
I  have  oaloolated  tho  resulta  into  curves.  Tlio  horiiontal  lino 
of  amperea  shows  un  to  uo  for  curve  1,  and  up  to  IJOO  for 
lino  3,  the  aoale  01  millago  being  llio  same  for  all  in  tho 
vi^rtical  line.  The  diamot(<r  of  tho  reqnirvd  wire  can  bo 
obtained  by  niultiplyiu^  together  the  amperes  required  and 
tho  millage  shown  by  the  cuive ;  this  gives  i\iv  area  d^  in 
oiroular  miJj,  aiul  tho  square  root  of  this  is  the  diameter. 


un  otmamrt  ni  wikks. 


Line  )  shows  how  mialoading  the  looo  ftmperes  per  anoare 
inch  IN,  wtd  curve  4  is  one  calcnlatcd  from  the  Sctu«B  of  Prof. 
ForbiiK,  >uMod  on  his  formnla  C  X  «P  and  oerfaan  dieorotic*] 
data  M  to  heat.  It  relates  to  bare  wir«a  and  a  tanpentore  rim 
of  25°  Cent.    lltegenemlagreetneDtof  UuM  onrveBBbowa  that 


V».  m. 


wo  have  tbo  truth  pretty  ciMitijly.  The  curve§  can  c>a>iily  be 
proUmged  to  higher  currents;  or  they  can  bo  lowered  to  soit 
other  oouditioDB  without  much  difficolty. 

567.  Cost  op   Cosnucriow, — The  heat  generntwl  in  ihc  oon- 
itor  has  another  bearing ;   th<<  i^'eater  the  hont  tho  greater 

, loss  of  eoeny  in  transmisBion  ;  that  is,  S  416,  as  the  squai« 

^  the  current  fmocd  through  a  givoii  oooduutor,  or  Eroater  than 
thitt  by  the  diminished  conduclnuoe  due  Ui  the  heat  itMolf.  This 
is  tliorefore  a  question  of  contmiwiM  vmrhng  ev^eiuea.  On  the 
other  hand,  if  the  oapacity  oi'  the  conductor  bo  lucnMixod,  wo  oa 
to  reduce  this  expenditure  of  energy,  tli«re  ariaex  the  quavtion 
of  capital  ootUy,  and  interoBt. 


296  ooNDCcnrtiY  and  ttsmkitcx.  [;68. 

The  dotonmnatioa  uf  the  roUtivo  imporUuwe  of  ttioso  two 
depends  upon  the  oonditioiu  of  eAch  particnUx  oue.  If  the 
oondiictor  is  to  be  regoUrly  worked  to  its  full  capacity,  the 
working  esponeos  an  most  importoDt.  It'  the  conducior  la 
empl^ed  oul;  a  part  of  the  time,  the  capital  outlay  is  a  aerioas 
oonsideralion,  audit  would  be  better  to  endure  a  higher  working 
cost  The  oort  per  eleotlic  horee-power,  5  437.  at  any  given 
place,  and  the  ooat  of  the  oouductorat  the  aamo  place,  are  variable 
elementa  upon  whioh  also  the  deoiaiou  deponde. 

j6S.  Sir  W.  ThoiuM>n  says  that  cost  is  lowest  when 

Cost  of  energy  =  Coat  of  conductor. 

That  is  to  say,  ( 1 )  the  cost  per  horse-power  of  steam  or  other 
mtftor  +  the  cost  of  transforming  it  into  electric  energy  by  the 
dyniuno  mnohine,  is  reduced  to  some  nnitof  time.as  per  hour  or 

J  ear;  this  multiplied  by  the  korae-power  expended  in  the  oon- 
uolor  givetttho  cost  of  energy.  (2)  The  interest  on  cost  of 
oonduotor,  and  the  espeuseof  ropaiis  and  depreciation  taken 
for  the  year,  or  divided  by  the  number  of  hours  of  working, 
gives  the  other  aide  of  the  e(|nation,  and  tho  two  together  are 
the  cutit  of  trail  am  ission  of  the  current. 

569,  Equal  cnrrenU  fan  Iraiunnit  difffrtnl  quanliliei  0/ mergg.  AJ 
given  ootiductor  will  carry  different  cnrrenta,  and  the  etpendM 
turo  of  energy  in  the  tTAusmiaslon  nil!  then  inoreaae  aa  thu 
tquare  0/  the  eurreat,  but  will  reniaiu  an  eqaal  proportion  of  iAn 
eMtgg  IraMTttitted ;  this  is  tho  meaning  of  the  statemeota  uuotedl 
S  47},  Dut  there  are  conditions  in  which  the  same  ounauotorj 
will  transmit  greatly  increased  energy  while  expending  no  inorttl 
within  iteolf.  This  depends  on  tlio  increase  of  £MF,  and  a' 
proportional  increase  in  tho  total  resiatAnoe> 

Let  two  points,  generator  and  tvceiver,  each  of  t  ohm  R,  be 
connected  by  a  conductor  of  i  ohm.    Now  au  E  U  P  of  1  volts 
prodnoea  0  =  1,  and  1  joule  energy  will  be  expended  in  Uiu 
conductor.    Lot  th»  generator  be  so  altered  as  to  generate  2000 
volts,  and  the  receiver  to  utilixe  this  E  M  F,  raising  the  re- 
BiMtauce  of  generator  and  receiver  to  1999  ohma.     We  have  atiU 
only  a  current  C  =  i,  expending  i  joule  onorgr  per  ohm,  loainjj  j 
therefore  stilt  only  i  in  tho  conductor,  but  while  paauiig  iuto  ^ 
tho  receiver,  utilizing  so  much  m  ooTTeaponds  to  it«  proportion 
of  the  total  resistance :  tho  1o*m  of  energy  in  this  caae  in  in  the 
generator,  which  ncoeeaarily  hna  a  higher  reaiatanoe  than  in  ths.J 
first  case.  1 

Tho  result  is  that,  tho  higher  the  E  11  F  employed    the 

S eater  the  economy  of  eloctrioal  work.     But  though  this  is 
eorotioalty  true,  the  difficultiua  of  insulation  and  tho  extra 
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Kcoxom  or  oosDCtnoM, 
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OMt  of  Iko  o()n<liictiiig  Mvslcni  tm  n  whole,  makes  the  que«tioa 
(tfeeooomy  4  very  dcl^it<iblo  oho. 

Some  of  tho  ol«ciru;  light  compnniM  nm  to  10,000  rolta  with 
•ItornatiDg  cnrrvnts;  hut  voiiDeat  on^noora  cliiiiu  that  low 
voltagot  aro  on  th«  whole  ntore  wjonoraioal. 

$70.  EoosoMiOAL  Stn  OP  Winn. — I  havo  lulopted  th«  formula 

giveu  by  Mr.  B.   RhodM  in  ft  papor  riMtd  to  the  American 
atioiud  Light   AMOctation,    1699,    altering   the   HymbeU  to 
correspond  with  thoeo  used  hero. 
Let 

d  =  dixoieter  of  wire  in  mils. 

L  =  length  of  line  in  miles. 

p  =  prioe  of  bare  oopper  ver  IK 

w  =  oast  of  power  ])er  II.K  per  year. 

0  =  onrreut  iu  amperoe. 
•016  (fibs,  of  wire  pur  tnWi^;  -oiS/xP  cost  per  milo  of  wir*. 
•0016  p  tp  int«reei  and  di^preoiution  at  10  per  wnt. 
'Ool£  Zjtid*  =  annaal  oo«t  of  wire.      ......     (t) 

yp  =  ohms  per  mile  [  ^^^^  =  watts  per  mUe ; 
54g^  .  H.P.  lost  per  mile ;  ^^^^^  cost  of  ILP.  lost : 

54577  ^pty  _  wianal  cost  of  power  lost  in  the  whole        ,j. 
746  (P  circuit  ^  ' 

With  iiM!r6«80ofm«(i)  will  inoroaeo  and  (i^diminiab,aDd  the 
tM«t  Tftloo  of  d  will  bo  such  that  their  sura  will  lie  a  miuimmn. 
Lstn  represent  this;  then 

which  given 

,       1091540*19 

Placing  this  equal  to  zero  and  reducing,  we  have 
ii  =4S7oo^w_ 

r 

This  shows  thftt  the  sise  of  wire  depends  on  the  prioft 
copper,  cost  of  power,  and  rate  of  oarrenl,  and  is  indepoodeni 
of  length  of  the  circuit  and  the  voltage.  The  ooet  of  insulation 
also  is  not  part  of  the  cakrolation. 


;7i>  Bleelromotive  fpree  ie  tlie  g(rn<<rkl  namo  for  wtuitoTOr  may 
ba  the  sguiicy  wliicli  sctH  iip  olvutriuul  ciirrctnt.  Sonw  writen 
object  to  tile  uhc  of  the  term,  wliich  is,  bowevor,  too  iisofnl  to 
be  set  aaiJe.  E  M  F  curniBpciDds  to,  »n<I  is  alwaj-a  ncoonitianied 
by,  fwtmfial  in  Htalio  eWtricity,  £  91;  hence  it  in  often  rAllcd 
tleelrie  pTOM^tre.  Voltage  in  alxo  a  coDveuient  doBori|itive  term 
which  lit  cuuiiiiiiiily  usuil.  Some  of  tbo  jirinoiples  which  nmlor- 
lie  the  turmEMF  um  studied  H  i73'-4  »na  478-493,  and  in 
this  cltitjiter  the  iiiain  purpuitc  in  to  tntoo  thom  out  by  uiuaiiH  of 
the  ohviiiicckl  ri'littiona  of  eUctrioity.  It  may  Iw  thought  tliat, 
AS  iKittdriiM  are  of  comparatively  littlu  practioal  importanoo 
now  that  the  dyuamo  ia  our  uhinf  Houroo,  tlioir  oliomioal  theory 
may  W  mt  snidv.  This  would  bo  a  groat  mistatco.  booauae  it  id 
here,  and  hero  only,  that  wo  oui  trace  the  natural  oonditions  of 
eleotrieity  Apart  altogether  from  mathematical  nwumptions  and 
mere  oonTentionH,  bcoaiuto  the  origin  of  tho  energy  and  force  ie 
teilhin  Ihc  rtKuil  ilaclf, 

573.  'I'o  MRAStiRE  ELEcrnOMOTivR  FoucB. — ^Thismay  bo  eflbcted 
iu  absohitn  niciMitro.  hut  it  is  uitually  done  in  terms  of  eomo 
cell  tho  E  M  F  (if  which  is  known,  »nch  nH  tho  UaDioll,  which 
can  be  nitcd  while  wi>rki»g,  or  the  Ghirlc,  which  rttqiiires  oppo- 
flitiun  without  current. 

Witli  n  deliiiiit*:  galvanometer  of  which  tho  current  value  of 
the  di'flcoliona  ia  known,  such  an  a  Hue  or  tangent  galvanomotor, 
or  any  of  thoau,  now  common,  which  give  their  reading  in  am  porca, 
and  a  large  roalstanoo,  tho  amount  of  which  need  not  bo  known 
provided  it  ia  alwaya  thn  name,  tho  E  M  F  in  pniportional  to 
tho  dofieotion  value,  and  having  onoc  unoortjiiucd  the  atigle  given 
by  a  Dnniell,  and  from  it  thiit  duo  to  1  volt,  the  tustrumont  can 
be  marked,  or  a  tablu  inatlc  of  the  dutlectioiis,  ao  aa  (o  read  off 
direct  in  volti  the  E  M  F  cauKing  tlie  deflection.  Xf  the  lesisl;- 
anoe  in  made  very  large  tlie  internal  r«eidtanoe  of  the  oell  may 
often  lH^  ni'ghtcted  if  not  known.    See  f  ^77. 

57).  Wheat»lont'$  plan  In  available  either  with  large  or  smftU 
reoiatanoett :  it  depeuda  on  the  production  of  two  ooutitAnt 
deflections,  and  I  will  uae  in  the  formulm  capital  letters  for  the 
etandard  celt  and  small  letten  for  th«  one  to  bo  meamred,  E,  e, 


k 


HKismouirr  or  k  ■  r. 

bung  EHF  in  volte,  K,  r  rc^ixtjknoo  in  ohntH,  C, «  cnrmt  in 
uaperw,  and  A,  a  tbo  standortl  cell,  and  Uut  to  bo  ntcunrocl. 

A  is  conncolcd  with  bucIi  romstanoc  m  produces  tho  fir«t  fixed 
defioction,  eay  30°,  and  a  further  rwiitiuifie.  R,  ig  added  to  bring 
tho  deflation  to  a  Moond  fixod  anglo,  wy  10'°. 

a  is  Dour  arrangod  to  givo  10";  the  rc-sietanoo  nqairod  f'>r 
this  nocd  not  be  meMnrcd,  m  it  will  vafj-  with  tho  internal 
rwistanoes  and  has  sotbisg  to  do  with  tbo  calcalation :  forthi^r 
nsisbuioe,  r,  ie  now  «dd«d  to  bring  tho  noodio  to  lo",  then 

e  =  E  ^  in  volts. 
If 

574.  Thi*  muy  be  aimplifiod  br  onoo  for  all  aHoertainiug  the 
nuatancv  ralae  of  1  volt,  m  I  willaltow  by  imi  l^x)>«^ilnOIlL 

A  large  IXtniell,  with  an  ostemal  romntanoe  of  3 '41  ohm« 
and  a  totJil  rwiatanoe  of  a'Qt,  matka  20'  on  a  galvanometer; 
an  cxtn  rutiatauoe  of  J' 11  brings  it  to  10.  Of  oourne  it  will 
roquire  tlte  wune  total  reaiatanoe  with  any  other  Daniell.  large 
or  Rinall,  to  reproduce  thoae  deflectiotu ;  out  the  external  r««ial- 
auoea  will }»  different  in  each  oaae,  for  the  Rnt  defleolion ;  the 
•ocDod  extra  rauKtanoe  wilt  bo  alwaya  ooimbitit :  it  is,  thoreforo, 
a  fignro  rvprcMontiug  1*079  ^^'^  '^  ^'"  ■"'•triimeiit  between 
thoM  aogliw,  thnn  i-079:i  .■.  3'il  ::  xSSl.  lliiii  givMtthe 
rcaiitliinou  eqiiivalunt  to  I  volt,  uid  nil  future  uxpuri mental 
rMiwanoea  divided  liy  thia  give  the  furoc  ofth*)  celt  tinder  trial; 
for  iufiuioe,  a  Smee  cell  in  full  work  took  1  -  35  iMtrn  nwiMt- 
anoe  to  bring  the  neodle  from  20°  to  10°.  The  fumiula  worlu 
out  tijua; — 

By  using  the  oonxtant  obtained  at  the  fliBt  oxperimenl,  tho  multi- 
plying by  i*079iit  forovor  after  unnoooMMy,  for  rTggj  =  '468. 

'Hub  is  tho  sini^>lc«t  and  licat  plan  for  obfjiining  actuiU  working 
fbroea  of  hattonu*  at  any  timi\  nnd  thcrofiiro  it  is  retitiood  in 
(hie  edition,  while  otliora  formerly  givon  arv  omitt«d,  owing  to 
the  altered  oondltiooB,  both  ofworkiag  uid  of  available  gaWano- 
Bietors. 

575.  By  OMMJititMra.— The  E  M  F  of  cells  may  be  compared  by 
tho  wvoral  diargoB  they  oui  givo  t»  u  oocdvnter,  bnt  this 
prooaw  is  ono  moat  neeful  in  Bnoh  toubnical  work  u  tMting 
oabloB,  and  tboao  vmpk^rod  ia  moh  work  will  h«ve  aooeae  to 
tkoM  books  whioh  onter  into  thia  olaaa  of  Kobjocts  mors  oom- 
plattly  tlxao  is  powdblo  or  neoeasary  horo. 


BUCIBMKmTK  rORCt. 

^•jC.  The  beet  of  ftll  modw  of  ■dCMoriiig  the  diHbnnoo  of 
potential  betweeu  any  two  purtu  of  a  drouit  or  the  S)  U  F  of  ft 
Mtt«i7,  whflther  working  or  not,  in  hy  m«aiui  of  a  d«]io*to 
electrometer  raoh  as  Uic  i|iinjlntnt  electrometer  of  Sir  W. 
Tbonuon  fitted  with  a  nplcjiinbur  und  a  gauge  (ivliivh  in  itaelf 
a  diao  electrometer),  to  kcisp  the  cliurge  of  the  mnvaljlo  part 
perfectly  nnifonii  nni)  of  known  degree:  a  variutioD  of  tJiis 
obar]^  enalilea  varying  foiooe  to  l>o  ineuHured,  bocaiuu  tho 
deflection  ia  determined  by  ite  intcnitity  tw  well  lut  by  tbo 
etiarge  derired  froiu  tbu  foroo  to  be  uivuxuiud,  wliicli  ia  givun  to 
the  quadrantK. 

577.  VoLTMETKas,— Tbeao  are  really  ^IvBnometers  which 
fuLSl  tbo  couditioiiH  of  8  571,  and  ovory  instrument-niiikor  bne 
his  special  con»tniotioD.  They  are  simply  Btnalt  current  gal- 
Tanometere  of  larKO  resiitanoo  compared  with  tbu  reei»t«nco  of 
the  circuit,  to  wtuoh  they  really  act  as  thunt* :  ua  tbereforo  tliis 
reuatance  ia  coniiidoTod  as  of  noacoonnl,  the  nivoauivtiicot  of  the 
potential  diHtnenOu  is  only  approximato ;  any  cocuitniotion  of 
galTauoineter  can  be  nrad,  bnt  ae  such  mcaninMare  raquircd  in 
the  neighbourhood  of  largo  currontH  aod  dyiiumo  muchinea,  the 
iiutmments  ought  not  to  be  affected  by  them.  Tho  reswtanoe 
may  bo  [troducod  by  a  separate  coil  or  ia  the  wire  of  the  instru- 
ment iteolf:  the  latter  is  best,  so  aa  to  have  a  laige  number  of 
tnnis  of  wire,  with  noodles  whose  ooutrol  is  such  as  to  resist 
tbu  inllaenco.  Tbo  greater  their  resistanoe  is,  the  better,  but 
for  praotioal  roiwons,  such  as  expense,  it  is  related  to  the  de^jree 
of  volte^  an  iniitrumout  is  to  meAsoro. 

578.  Api-aratus  FOii  ExPKRtMENTS. — As  some  readers  may 
wiah  to  tuake  vxperimonts  on  chemical  oombiuatitmB,  imcb  aa 
are  here  exauinvd,  I  will  describe  the  apparatus  aud  process  1 
hare,  after  many  trials,  found  most  cunvL-nieut,  the  object  being 
to  vxcliangp  one  part  fur  auuther  rapidly,  and  without  ood^isIoq 
or  mixture  of  EUMtanctw.     It  ouusjats  oi';— 

(i)  A  stand  fitted  with  two  biudiuK  screws  for  tho  wires  to 
eo  to  tbo  galvanometer  and  resistance,  whioh  oonoeotions  maj 
thuM  remain  undisturbed  for  any  n-quired  time;  tho  scrowa  are 
connected  to  two  mercury  cups  into  wliioh  the  wiiM  IVom  tha 
olemoDta  dip,  thua  permitting  these  to  be  tiurtantly  exohanjted. 

(])  A  U  tube  of  glaas  or  wood  oemootod,  or  a  vcHmd  witli  a 
partition  deeoeiiding  nearly  to  the  bottom ;  this  ountainn  dilute 
ttulphnrio  acid  or  other  litiuid  suitable  to  tho  other  liquids  to  be 
employed  at  the  two  elements  which  it  eerrea  to  connvct. 

(3)  A  number  of  small  porous  tubes  (}  X  1  inch  are  suit- 
able) capable  of  being  supported  in  the  U  tube  at  tho  proper 
height. 
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(4)  The  'nriotu  m«ta]lio  plates  are  eaoli  fitted  with  a  vriro  of 
such  length  u  lo  dip  into  the  cuiu  on  the  Ht»nil  while  the  plate 
i«  mwpoadcd  in  tho  iwronii  tabo. 

This  appanttTu  pormitc  the  exchange  df  oa«b  uf  (Is  oonstl- 
tticnts  in  mi  ioKtwit,  and  in  tr^-ing  tiu4i>iu  liqiilda  th«ro  !■ 
littlp  diDtnrbaooe  %  cndornnoM,  mi  the  two  porous  cells  ood- 
teinii^  them  nro  immcnedinftbsth  of  intervening  liquid;  for 
exponmcntit  witit  mnngADoae,  snlphste  of  merRor^r.  fto.,  s  porooi 
cwll  i«  n««dod  for  cocn  mhtitAncc;  and  with  nitric  acid  lud 
other  oxidiz«ni,  im.,  s  oinro  oarhon  muat  1w  tised  for  each,  but 
plstinnm  in  better,  if  washed  and  mode  red  hot. 

579.  ExKRGT  AMI*  Matteh.— Somw  of  tJic  genonl  relations  of 
force  to  matter  hare  Ijcwn  examinod,  SS  17  and  16};  wo  hftvo 
now  to  study  inoro  cloeoly  how  energj-  and  foroe  become  oloctrio 
oiergy  or  R  M  P.  We  muNt  rumembur  that  vach  atom  and  eaoh 
molocale  of  matter  involvcH  iu>  ritrt  of  itH  inherent  nature  an 
unonnt  of  ener^*  n«  definite  iw  at  mattiir,  but  unlike  the  matter, 
not  ponaanont  mall  change*;  it  in  definite  and  fix«d  onlr  Sarm 
definite  and  fixed  condition,  and  for  every  ohang*  a  daAnito 
cliaiigo  tAlccs  plooo  in  ihfs  amount  of  fixed  energy.  Wo  most 
thcrofon.',  rcgud  onerej,  as — 

(1)  Uuetualittff,  anonaa  the  st^noible  heat  of  sabstanoea, whicb 
eDiera  and  leaves  them  according  us  they  ari>  aiirtounded  by 
bodiee  of  greater  or  lose  temp«ratnr«.  nut  which  does  not 
bbaogo  either  tboir  phvnool  state  or  ohemical  {jroperties. 

(3)  Fixtd,  associoled  with  matter.    Such  is  latent  heai,  now 
tenoed,  poUntiat  anergjf ;  the  most  detinito  idea  will  be  obtained 
of  it  by  tranting  it  as  an  amonnt  of  energy  linked  to  thft  atomsJ 
and  nioleciil«e  of  matter,  and  inaoparable  from  tliem  witlioilt^ 
change  of  nattire  or  phyaioal  stale,  the  mode  of  charging  being 
the  imparting  of  internal  motion. 

Sach  Hnhstance  reqnirea  a  definite  amount  of  energy  to  psH 
from  one  physical  state  to  a  higher,  as  from  solid  to  Ucinid  and 
eoeeons;  and  at  each  such  change  a  definite  amount  of  energy  3 
oisaiHiears,  becomes  oh&i^ed  on  the  moleoulee,  i.  e.  is  oonvertea 
iato  uttent  heat  or  potential  energy, 

j8o.  lulrintie  or  tpeeifie  energy,  S  58;,  ia  also  fixed  and  an 
innerent  of  each  state  of  chemical  union:  vyory  elementary 
atom  has  its  proper  energy,  and  the  importanoe  of  this  view 
will  be  seen  when  we  find  thit  the  degree  of  this  «Qergj  is 
really  the  measure  and  the  cauw  of  the  chemical  affinUttM  of 
this  atom.  Every  chemical  action  which  occurs  tinder  the 
influeijoe  of  affinity,  that  is  evety  act  of  ctmbiualum,  in  attend 
with  luaa  of  energy.  t.o.  the  potential  energy  ia  atl  free,  and^ 
becomes  active  and  sensible   in  some  fonn,  either  «a  heat. 


803  KLaoTBOuoiiTi  noes.  [jBi. 

chwtrioitf ,  or  motion.  On  tho  othur  hand,  cvecy  Mt  of  decern* 
position  (tfao  rovorul  of  uffinity)  roqniru*  n  »u|^ly  of  ooergy 
flxikoUjr  equal  in  quAuti^  to  tiutt  But  froo  by  tho  act  of  cotaibiiu-j 
tioD,  and  tbis  «n«rgy  ia  again  oliai^ud  upun  tho  atoms 
molooulefl,  and  diaappoan — without  it  the  ohango  cannot  occur. 

561-  To  luako  all  thia  roallj  dear,  and  to  attach  to  our 
oUemioal  Bjabols  tbeir  raluo  in  onorgjr  as  woU  ns  matter,  it  at 
prosont  impombl»|H  tho  data  nits  not  j-ot  HuEBcioallj  oKor 
toinod,  notwithstanding  tho  laboon  of  Farro  and  Silboimaun 
AndrowK,  and  mors  rooentlj  of  Thmnson  and  Borthdot.    Thi 
Inttur  author  has  pabtisbod  a  work  on  Thormo-chemiatiy  in 
wliidi  the  mo«t  ampl«  information  U  ountuinod.     But  wo  caqI 
vnly  tvgtiTil  tho  moosoramontB  asatill  merely  aiiproxi mate.     A* 
tUcir  figures  oio  giron  in  tho  motrie  system  and  often  a«  related  ^ 
only  to  gramnicH  or  pounds,  I  have  lodui^uid  lh«  moat  important 
of  their  iofunnfttion  into  tlic  cnuivnlent  in  grains  for  mattor 
and  tho  foot>puitnd  for  energy.    I  may  hero  rvmarlc  that  I  liavo 
not  altered  thu  figuros  given  in  former  editions,  for  tlie  reuaoua 
given  aboTO,  and  in  S  579-     In  the  course  of  time,  tho  actual 
figures  I  give  will  no  doubt  roquiro  to  bo  somewhat  altered,  but 
renders  should  undoratand  that  this  will  in  no  way  affect  thtf 
prindplea  in  vol  rod. 

J82.  Mbcuamical  EqoivAusiT  of  Hut.— As  a  ooneequonoe 
of  the  doctrine  of  couHorrution  of  iMiorgy,  the  varioua  torn 
(which  aro  forma  of  viieTj^y)   luuy   bo  (.'iprctibed  either  ia 
singlo  mcosuro  or  in  terms  of  each  othor.      Kxpcriui«nt  has 
pravod  this  for  heat,  and  shown  that  a  definite  quautity  of  heat 
IB  actually  transformoil  into  a  definite  <iiiantity  of  mochanicaL 
work  ;  that  is  to  say.  that  a  pound  of  water  raised  in  tomp«ni-] 
turn  a>i  many  degrees  ITahr.  or  roiaod  so  many  foot  againflt 
gravity,  moans  the  aoiuo  energy  expended  or  stored.     What  thi 
exact  i|uanti^  ia,  is  a  matter  for  experiment  of  a  very  difficnltl 
nature,  and   therefore  tho  exact  value  is   not  really  known.! 
The  following  isalistofsoveral  ikitermiuiktions  by  diflVreutpro-] 
oeuoe  in  tema  of  the  groumu-mctrcs  equivalent  to  the  calory. 

Him      ..       ..  Friction  of  wator  and  brgi»«  ^jj 

„        ..       ..  Cnmhing  of  load 41J 

fijipRific  lii;nt  of  air         ,.       .,  441*6 

Begnaull       „  Vdooitr  of  sound 4}^ 

Olausina        „  QenenU  pro{>inrtint  of  air     ..  i^i6 

Favre     ..       ..  Eleotro-uiagnetisni        „       „  44  j 

GLausitu        ..  Heat  of  current  in  wiro        ,.  400 

J««I« ,  ..  ..  439- J 

Friction 4irSS 
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This  latter  value  ropreeeoto  773  foot-lbs.  per  lb.  dog.  Fahr. 
of  wmter,  and  U  ^enenJl;  accepted  by  v»giiie«n».  Annthor 
value  is  DBcd,  chiefij*  for  aritliiueUo^  reowDs;  aj  million 
"erga,"  written  ae  41  x  10*.  is  a  handy  flgnro,  aii^  in  b«ing 
ftdoptecl ;  ltd  valu«  in  gram m«-met tea  per  oalory  is  ^l-j'S-j, 
and  the  foot-lbs.  por  Bnglisb  heat  unit  779*68.  T)i«  ralae 
used  in  theae  pag^s  is  771  foot-lbs.  and  its  e(j[uivalutit  in  the 
metrio  qretem.  It  is  nrc^ioeod  to  call  the  heat  unit  a  "  therm," 
u  tbare  is  somo  coofiision  iu  the  use  of  csJory,  whioh  MmA 
writen  apply  to  the  kilogranime-metre ;  then  if  the  mcebanioal 
eqoivalent  is  tafccn  u  4- j  x  10'  ergs,  we  have  1  ihi>nn  =  ^-t 
jonl<.«. 

56J.  IIxLATtOMH  or  UxtT.t. — A§  different  systems  of  nieadure- 
rnent  aio  used  ia  different  works,  and  in  mo&t  scientific  btxiks 
the  metric  system  is  umm),  and  may  not  be  uuderetouil  bv  all 
readere,  1  have  worked  out  T«blo  XVU,,  p.  514,  nhich,  eubjuot 
to  tho  remarks  $  579.  shows  tho  mode  of  converting  tbo  t-aluw 
in  ODo'eystem  into  lht«o  of  others.  I  hare  selected  tUoae  ftguros 
which  bavo  proved  most  useful  in  my  own  eKpcriunce.  It 
should  also  00  remarked  that  the  values  here  are  ia  slight 
dogrcc  diCCeront  from  others  lo  bo  found  in  tlio  work,  an  in  Uiu 
case  of  the  calory,  lines  32  and  33.  The  reason  is  that  tlto 
C.O.S.  sy^lcm  boing  based  upon  deliiitle  princdplus,  it  iit  dt«ir- 
sbl«  to  have  the  values  which  are  thns  theoretically  oonuct: 
bat  aa  neither  the  ohm  nor  the  ampere,  nor  in  &et  Kcvoral 
observed  data  ai«  exact  to  tho  CCS.  evetom,  these  other  values 
may  be  even  n>ore  correct  in  practice,  and  the  diffiBrcnces  are 
Dot  great.  The  values  of  tho  jonle,  linee  14,  26,  27,  on  the 
grua  B)-Btem  are  hero  bavod  upon  line  3y,  the  tbeorulimd  value, 
while  in  the  body  of  tho  work  figures  may  he  fonnd  bsMd 
upon  line  32,  tbo  practical  accepted  value.  Tho  valtios  ara 
aa  correct  as  ciicumetanccs  allow.  Different  writera  call  tho 
gramme  =  ii"4}9.  'J'^U-  '5'4PJS  §nuii«.  «id  give  tho 
Oakny  a&it  of  hcnt  ditr<^n'nt  values  aocordlDg  as  it  is  related  to 
water  at  o*  or  4°  Cent.  'I'his  name,  tahrg,  is  also  given  to  two 
valsea ;  tho  original  unit,  and  tho  value  always  meant  in  them 
I»ges,  is  I  gramme  of  water  raised  1°  Cent,,  but  it  is  oden  naod  to 
meau  1000  grammes.  I  have  given  the  logarllhma,  which  aro 
more  exact  values  tlian  tht  decimals,  so  that  the  operations 
given  can  bo  rcvenwd  bf  subtracting  instead  of  adding,  or 
by  adding  tho  rooiprocal  of  tlio  logarithm  (i.  e.  the  log  sub- 
tracted mm  O'ooocooc),  a  process  often  useful  aim  to  enable 
an  mtricate  calonlatiou  to  w>  workod  out  by  one  final  act  of 
additHO. 
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564-  Tliv  mode  in  which  tho  figarm  nro  ohtninoil,  anci  Uio 
phiD  of  tmtug  them,  will  bo  boat  wmq  in  ao  ciantplo.  Andrawi 
giTOfl  tho  hot  of  combnstioo  of  lino  in  oz^'^oii  < 


Onloriott  jior  grAinme  t)}0 

E<iuivull>llt  of  KUIC  ..        ..        )3'6 

Oalorips  per  gramme  eqaiyolent 
Itatio  of  ernin  rquivftlc&t 
Tabid  XVll.,  lino  9  -198547 

Foot-lbs.  per  fp-uin  oquivnlimt 
1  lb.  7000      ..     j'94509Bo 

Ziiia  ji-6      ..     1-5132176 

Foot-lbo.  i^er  pound  .. 


U>j(. 
) -13)8516 

4-6j7o69a  =  4JJ5B 

-I -197798) 
j-934e675'=  6607-3 


a'))i6S04 
6-3667479  1 


1.948,19s 


Owing  to  tho  varions  diffemncdB,  tfflis  IiitU<r  value  is  Gometimee 
giv«n  UM  low  Di  i.46},93}  per  poiiud, 

585.  IsTftissic  oil  Si'BCinc  EKKnoY.— These  tomis  are  both 
)i8od  by  dififeront  authors  to  dracribo  that  ([uantitj'  of  energy 
whi^  in  dofiaitoly  asHocintod  in  cnch  parbculnr  comhinatioii 
of  atoms  into  molcoiilm,  S  J70  (3).  It  is  the  eiwontial  agent  of 
ohomioal  relation!,  and  is  roalty  tho  inc<asnre  of  fhanical  i^ni'/y. 
In  fact  this  "intriiuic  onorgy"  ia  oin«tly  what  the  earlier 
ohomists  vor^  justly  imaginod  Iho  eiistonoa  of  as  neoeasarj  to 
tho  explanation  of  ooiuhuHtion  ;  only,  according  to  the  fasbion 
of  that  agv,  tJioy  invontwl  it  Hpucial  form  of  matter — a.  floid 
— whioh  Uioy  mlUiI  jthloijitlon,  to  tho  gain  or  loss  of  which 
they  attributod  chtiniioitl  notiona.  Nowadays  we  invent  any 
required  pnipctrty  of  thu  ctliur,  wlwrn  wo  want  to  explain  what 
wo  di>  not  iinderNlaiid.  In  principle  thoy  wore  more  tme  to 
natnru  than  the  itahixil  which  suooooded  thom,  for,  after  all, 
phfogitbm  (low  nudlj/  exi»l,  only  it  is  not  a  thing,  a  fluid,  bat 
energy  ohargixl  upon  tho  atomn  and  molocutcB  of  matter. 

Am  a  foot,  now  wull  known,  that  affinity  is  strongest  which 
iota  frM  mott  heat  in  oiilonmetrio  expcrimcntjs.  I'ntil  late 
years  thU  waa  not  undnntood.  and  chcminlK  oonliiKHl  tlicir 
attention  to  tlit:  material  atomii.  But  we  hnv«  in  ttomerie 
bodicR  the  eridence  that  aometliing  bcHideit  matter  in  oonoerned. 
There  aro  many  paint  of  HubittjtnocM  which  oontain  exactly  the 
Name  eluiaoiit*ry  proponioiiii,but  in  which  the  ucJeonle  contains 
double  or  more  of  all  the  atoms  in  one  oate  than  in  another. 
But  Iwyond  Ibis  thcro  are  pairs  of  KubstanMa  oxaotly  atilco  in 
material  oonntitution,  thon^  bolgnging  to  dUbrent  tymw,  S  1 1  • 
tlieso,  however,  diETor  in  intrinsii;  vnuricy,  and  if  equal  weights 
arc  bunied  they  do  not  giro  off  uquul  heat.    A  great  deal  of 
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work  tuts  boon  iono  of  lato  ycnn  in  thio  direction  bj-  JoUus 
Thomsen  and  Bortholot,  S  j6i,  ami  tho  Uttor  haa  bued  upon 
tho  facts  of  iotrinsic  cncrg^y  n  goni>ral  Uw  of  chemioftl  kffinit;^, 
which  he  calls  tho  Uw  of  nMurimum  leork,  vis. "  JU  eXmieataetion 
aof  dtM  to  Mtf«nMt  0Mfgt  lends  to  the  pnxtwiion  of  iHe  hodw  or  bo^ia 
v&icA  Btt  fn«  Ote  fnatetl  heat."  it  will  bo  mod  that  tuia  is  the 
oonntcrpartofthageiientlUw  of  cloctrolytioaotioa  first  explained 
ia  the  tint  editiou  of  this  work,  that  thososubetMiOMBre  set  fr«e 
bjr  the  doctrio  current  which  abtorb  (A«  leatt  •juanlitg  of  enerijy. 
As  the  energy  of  chomicsl  action  is  detinitely  rel&uid  to  tiia 
EUtF  set  up,  it  will  besoeD,  S  ^tyj,  that  it  is  convenient  to 
call  that  ener^  by  the  distinct  name  of  "  roltanoe,"  instead  of 
▼agaelr  **  iutnasio  or  §p«oifio*'  enei;gy. 

We  nave  now  to  eludy  the  mode  in  which  the  transfer*  of 
intrioaio  energy,  which  is  potential  in  the  molocules  of  nuttter, 
resolt  in  ^Motical  and  electrical  effects  when  it  beoomea 
kittetie. 

;86.  CoMBUsriox.— Tho  act  of  ODmbnstJon  or  buruin;;  is  the 
most  familiar  instance  of  chemical  oombtnation,  while  it  ia  tlie 
complete  illustration  of  the  potential,  latout  intrinsic  ener^^^y 
becoming;  active  or  kinetic,  and  taking  the  fonu  of  heat.  At 
preaeiit  we  may  ooiuider  it  aa  nimpty  oumbiaation,  the  union 
under  tltv  influonoo  of  ohemiool  attruvliou  of  atoms  of  carbon,  or 
bjdrogcu,  ius.,  and  atoms  of  oxyguu.  There  really  ia  also  a 
dooomiK«iUon  of  the  motooulea  of  thuoe  bodice,  but  tJut  wo  ar« 
not  now  in  a  pcaitioD  to  e>timat«.  Now,  a«  it  is  a  fundamental 
maxim  tlmt  wo  can  create  neither  matter  nor  eitorgy,  and  as  this 
aoliou  Kivat  us  nvailiiblo  frcu  uuiirgy  in  the  form  of  heat — 
where  duea  it  comu  from  i  Evidently  from  tho  atoms  entering 
into  union. 

C  +  ('i  =  00,  ia  the  symbol  of  Iraming  carbon,  prodncisff 
oarbonio  acid  (or  more  properly  anhydride),  and  H,  4-  0  s  n,0 
hydrogen  burning  into  water,  but  thuso  symbols  giro  ns  no 
information  as  to  the  aoaron  of  tlie  eooi^.  It  is.  however, 
evident  that  before  oombination  there  exist^^d  a  foroo  tending 
.  to  oanee  union,  which  wo  call  affinity,  and  that  wh«n  the  union 
is  ofTect*.'!,  the  rvsnlting  substauoo  miut  have  within  it  loss 
combined  enerj^  tiiao  ita  oomponcnta  had  before,  bocatiae  the 
act  of  union  had  set  energy  free  ae  hoat.  This  ia  osaally 
treated  as  a  mere  incidental  oonaeqaenos  of  theaffiai^;  how- 
ever, it  beat's  an  exact  ratio  to  the  chemical  force,  aaa  nuqr  b» 
made  to  give  meaning  to  tho  old  diagrams  of  elective  afflnitr. 
By  fixing  attention  upon  it,  as  the  "intricijtta  energy,"  capable 
of  exact  eetimatiou,  instead  of  tlie  vnguu  "  affinity,"  we  ahall 


bettor  andtretand   tbe   fact».      Tfaiu,   nsJng    tii«   eqwivalBnt  i 
notAtiuB,  the  burning  of  carbon  U 


^?r'^^l+^^4foot-ib.. 


Hero  tho  oDcrgy  of  oomlnuidoa  ie  osi>rcitu§cd  in  foot-lbs.;  it  i» 
iho  "intrinsic  caoxgy,"  the  meMHro  of  tlio  force  whiob  bolda 
toeethor  the  Atoms  oompowug  wrbonio  ozido.  CO,  and  oajbonio 
aciil,  CO, ;  not  wholly  so,  however,  u«  tho  (treat  difTeronoo  bo- 
twocn  thu  two  fignree  is  dno  to  tho  &ot  ttiat  portion  of  tho 
onergj-  of  thu  Hist  atom  of  oxygen  is  ab«orbod  in  coororting 
solid  carbon  into  u  gM.  We  CAnnot  bo  nure  that  all  tbv  four 
centres  or  valenoiM  of  carbon,  {  9,  pouoaa  eqnat  spedfio  energy, 
or  we  migltt  caluiilatv  the  latent  energy  of  gaiifiaatioD  of  carbon 
from  that  given  by  oompluto  combustion;  bnt  in  viamining 
actions  under  the  influence  of  electricity,  light  vrilt  bo  throwo 
on  this. 

587.  Salts. — Combustion  or  oxidatiou  is  only  one  step  in 
chemical  combination,  for  almott  nil  the  subitaooes  unvd  in 
eleotricity  are  aalbi,  this  term  really  including  acids.  Tho  older 
view  uf  suits,  BwrKelius's  eleotro-cliemical  Ihoory,  siipposod  thu 
lirst  step  to  be  oxiJatiun.  forming  bubstances  which  worp  eilhcr 
soids  or  bases,  avoordiug  ns  the  ek'iuent  ranked  in  the  electric 
scale,  and  partly,  also,  according  to  the  number  of  oxygen  atoms 
oombined,  and  these  two  bodies,  prvaoning  their  origiual  electric 
relations,  combined  to  form  salts.  Although  this  theory  is 
abandoned,  it  has  still,  so  far,  a  real  basis  of  truth,  that  the 
ohctnioiil  attractions  of  tho  elements  do  in  great  degree  ccrres- 
pend  with  this  orraugemont,  which  so  far  survives  in  the  new 
cbomistry  that  the  old  olcctro-negatives  are  still  called  chlorous 
or  Skoid  radicals,  and  electro-potiitiv(«  basylous  radicals. 

Ohemiool  considerations,  and  ©sjjeoially  tho  behavi.nr  of  acids 
and  salts  under  tho  action  of  tho  galvanic  current,  led  to  the 
adoption  of  the  binary  theory,  which  trt-ats  thorn  as  coiuposi>d 
of  two  radicals,  of  which  the  add,  or  chlorous  onc^  is  a  com- 
pound containing  the  whole  of  tho  oxygon,  while  the  boayle  Ja 
an  elflment  or  a  conipuund  havine  properties  analogoiu  to  thuso 
of  elements.     On   this  view   too   fbrtnuln   of  stdphut^s  are, 

H»,B0.1  (n,o.so. 

Zn,SO,  \  instca.1  of  {  ZnO.SO, 

K^o.l  Ikcso, 

_     the  odds  being  salts  of  liydrogen,  which  arc  diaplocod  by  other 
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atoms poaaeesed  orbigher  "  8|>eoific  energy."  TUu  rlieory  aoconU 
tburuTudily  with  all  Itio  facte  of  electrulj-sis,  aiid  is  tlut  to 
wtiioh  belocg  all  tlie  fgimulw  used  in  tlicoe  pagoo.  Tbo  uMor 
viow  of  aalta  bos,  however,  a  preaent  uwe  iit  calculating  tho 
Hpeoifio  eaergy  uf  acids  and  aalla,  as  in  S  ;8<). 

Retnrniug  to  tliu  ooustilutiou  of  salts  i>u  Uie  old  theory :  SO, 
(four  iiiKkly  uecative  atoms)  unite  to  furui  a  struug  uvi>t,  sul- 
nkurio  (now  cukd  Bolphurio  anhydride);  hydrogt-u  as  11,0 
nrmi  a  weak  base— water;  wbile  ZdO  forms  a  stronger;  and 
potaariam.  KjO,  the  strongest  base.  By  cotubiuiug  again,  SOg 
+  H,0  fomiB  ordinary  snlphtirio  acid,  from  wbioh  the  stronger 
bases  oaa  displace  the  water,  fanning  in  ttini  SO^ZdO,  and 
SO)K,0,  snlphat««  of  zinc  and  ]x>tasiiiuni. 

586.  licrEissic  Ekeroy  of  Elekkrts. — The  foregoing  prin- 
olplea  may  now  be  applied  by  aid  of  Table  XlII^  p.  ]o8,  in 
wnioh  I  have  coUecteo  tbe  aioft  impi^rtaut  iufurm»tioii  an  to  tbo 

Kinoipal  cltmenis  employed  io  electricity.  (ToIh.  I.,  II.,  and 
L,  are  tbe  nantee.  symbols,  and  atomio  wei^^hta  un  tho  new 
notation,  ij  ti ;  IV.  tbe  old  chemical  c^iui  vale  tit,  wbich  iit  also 
tbe  weight  taken  in  grains,  to  which  ColuiunH  VII.  and  VHl. 
refer ;  V.  is  tfae  valeuoy,  f  9 ;  VI.  shows  tbe  u-eight  octtw 
ponding  to  one  unit  of  eleotrioal  t|uantity,  tho  chcimic,  5  170, 
varying  where  two  olassea  of  salts  arc  ftirmod ;  VII.  is  tLe 
energy  of  union  with  oxygen ;  and  VIII.  tliut  with  dtlorino,  of 
th«  equivulent  in  grains,  Column  IV.  Thcw  two  oolumna  are 
tbe  apecifie  energies,  9  $85,  of  tbuse  obunical  oombinatioos.  Id 
•ome  CMMS  two  values  are  given ;  tbey  are  diflerest  multa 
oblain<.^l  by  Andrews  (the  tipper  row)  and  by  Favie :  the  some 
nmark  applies  to  tho  other  similiir  tables,  t^'olumn  IX.  ia  the 
olectiio  equivalent,  in  gramuM,  uf  tlio  oonlomb,  or  the  aiDper»- 
•ooond,  aa  to  whioli  see  S  411. 

It  is  commonly  atated,  on  the  authority  of  Faraday's  early  ex- 
p^'HraoDla,  that  eleetricity,  passing  tbrougbaolatioDs,  acta  in  the 
ratio 0/ At meralequivalenU((.'o\\xiaa  IV.jH  This  is  not  tho  case; 
this  view  of  lAe  efuira/«ii(  0/ rln-iritilyiM  baaed  upon  thr  acci- 
dental naturv  of  tho  eiiieriinents.  Tho  tnitb,  whiciL  became 
manifuat  only  lut  the  iiiodvni  ohemictil  IbeoriiM  were  duvoloped, 
is  shown  in  Column  VI. ;  tliu  quantity  of  any  elomont  released 
depends,  not  npon  its  equivalent  merely,  but  upon  tlie  state  of 
oorabinatiott  in  which  it  eiiats,  tliat  is  to  say,  the  valency  of  tfae 
radical  it  forma.  Of  course  tbctai  are  tho  thoor^ieal  values: 
thoy  are  not  nctually  ublaiued  in  fleotndynis,  because  then  are 
wasting  actions  of  uctds  Ac,  in  practice  But  as  those  vary 
tmd«r  diSbrent  conditionti,  it  is  uscli^vsa  to  take  account  of  tfaem 
whm  treating  of  principles,  S  6^9. 
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Table  Xm. — Ei.K)iExn  axd  Tiiem  Pturotnsa. 
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$89.  CoitnxATicMf  OP  Ramcals. — It  b  evitleiit  that  whether 
ir«  nil  tbe  fonnnla  of  ziaa  Btilphat«,  Z&O^O^  or  Zu,S04,  wa 
h«Te  the  same  number  of  atoms,  au^  let  them  havo  ooiue  to- 
gether how  they  may,  the  ultimate  reeult  ia  the  aamfi.  Now  «• 
aba  actually  buUil  up  tbia  toot«oule  ud  the  first  fonnula ;  that 
it,  we  caa  dinolv<<  the  uxiito  of  siuo  iu  8ul|iburia  add,  whilo  wa 
canoot  on  the  seouud  fonatila,  becAuao  HOt,  tbo  salpkurio  radiml 
IB  not  capable  of  unoombindd  axiatenM,  We  ur«  thua  nblo  to 
get  at  the  iutrinsia  energy  of  the  8iilpliat4»  mdire(;tly,  by  firat 
asaertaininp  the  heat  of  oxidatiou,  and  Ihoa  that  of  aulution  of 
the  oxide  in  acid;  we  thus  get  the  tut«l  eoorgy,  but  only 
approzimately,  as  we  oaunot  aeparate  from  the  tut«l  tbo  energy 
due  to  bhange  of  pliysioal  state.  Table  XIV.  cives  the  rt«uft 
in  (oot-lba.  of  the  eiperitneaU  of  Andrews  and  Favre,  arranged 
as  in  l^ble  XLII. ;  tJie  dilTerenoaH  iudicato  the  dlQIoulties  of  the 
jmteeoB. 

['AU.r.  XIV.— Ekgkoy  or  Co}ibu(atiox  or  OxtDBs  Aim  Acrns. 


OilixC 


EBIpbnrU.  SlUtc 


lljilndilarlc. 


Anmofftldu 
Copper  .. 
Iron.. 

saw    .. 

Sodium  .. 
Zinc.-     „ 


»7iS 

liii 


/  mi 


i<» 


1411 

1171 

'7*7 
I3J4 
JM 
»0J9 

"170 
>779 
J0J4 


1411 

1687 

"74 


1989 


»9tS 

JOOJ 

1104 
1649 


590.  In  the  COM)  of  chlorides  there  is  a  oertain  oomplioatioo. 
Off  KOvoTul  aoliunK  have  to  bo  oonidderod.  ( c )  The  actual  com- 
binatioD  of  HCl,  wbicb  Table  XIII.  Column  VIII.  eires  aa 
4yit.  (a)  As  titis  ia  a  gnaeous  body,  its  union  with  water 
giTON  farther  ijijS  iu  forming  the  ootnal  acid.  (1)  Tho  heat  of 
oxitlatioii.  (4)  Tho  nnion  of  noid  and  oxide.  But  wo  have 
now  two  produota,  tlie  salt  and  watur,  and  tlierefora  the  heat 
of  thia  tatter  must  be  deducted  to  asourtwn  the  energy  of  tho 


ril 
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I.  HCl 


Wilt  itoolf ;  iukI  thia  agiun  inoladiw  th«  luat  +  w  —  u  the  case 
iDiiy  1>c,  of  tbv  nut  of  »olutiou  of  the  mIL 


4731 ) 

a.  Solution      5258  J '^'' 


Tho  formitle  (eqtiivalcnt  noUtion)  now   «ve  the  Bevenl 
further  stagce,  taking  for  eianipl<«  xiuo  atid  suaium : 

b.    c.  <I. 

ZhO  +  HCl  =  ZnCl  4-  HO. 

N«0  +  HCl  =  NaCl  +  HO. 
a.  XTn.  ^  ZnO         lUi?  N«0 

fc,  XIV.  =  1649 

c        Abovs  7^9  HCl 


«  xin. 

d.      ZnCl 
SoIntioD  + 


180SS 

6841 

11314 
1342 

997» 


BO 

mci 


•459J 
7979 

6S41 
18754 

I  esc? 


Tho  huit  fig:nrca  ngne  cloKoIy  with  those  of  the  anhydrous 
ohioridoa,  of  wbioh  Uio  sinu  givea  out  boat  in  diatolving,  luid 
tho  Bodiuui  prudiioeo  uold. 

S91.  I  havo  ill  UuM  wa.v  calculated  tho  aalb)  in  Holation,  and 
unm  III.  Table  XV.  ia  tho  energy  thus  obtained  of  tho 

Table  XV. — Enkkot  ok  PBoro-sALra. 


I. 

11.     Bnlpllatu. 

ni  aiDridit. 

IV. 

Ounl-iilhm. 

ltai)rt«(MeUI. 

gt.  eqoJTiliiil. 

Sqalnltii 
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wr 

I0J5»- 
IIII4- 

taj*4- 

■  9161* 

1*467 
J -707 

i-)68 
1-400 

4151 

(86  f 

4J1J- 
98(7' 

while  Colnmn  IV.  ia  tUe  energy  dovi^lopod 
lion  in  chlorine  gas.     lu  {thin  tahio  I  hai 
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givon  th«  otMigf  in  tsqiiirolt*  u  wvll  u  foot-lbs.,  for  nm  ia 
ftftor  caIcuUtioD&.  A  nimilitr  proovm  would,  in  tfao  cam  of 
MilpbAtM,  be  mora  nooiinto  than  tbo  one  omploTod.  if  w«  know 
the  rml  oncrgj  of  formfttkm  of  S0»  boOMSe.  whon  uniting  the 
•Old  ftn<l  Ixiwe  we  form  irat«r, M  wolt  M  thonlt.  I  havu  omittcil 
nitriit'^N,  bncntiM  th<i  rakctionit  var;  prciitly,  and  full  date  oro 
not  iittainttliln. 

593.  Ih  it  nnt  (ibviouH  ihat,  hy  uttnoliiiig  figiim  like  tbcno  to 
cbemicnl  nymlKiln,  wu  f;!^'^  tht-m  h  unw  niciining  and  fiiToo?  If 
tliu  [iriiiciiit^  wt-ns  full  v  (?«rrk-d  out,  how  cWr  reiiotiouM  woiiUt 
beouuM.  Wliydu  iron  and  xiuc  decompoet;  siilphimc  ncid  while 
copper  tuid  nilvwr  do  uot  ?  Tlio  tabtea  answi-r  uh  ;  thv  intriiuiic 
enngy,  i.e.  the  attraction  of  oopper  and  iiilv«r  for  iialpburio 
nduftl  SOj  ill  1«M  than  that  of  hjrdrDg«n  in  the  itroportioii* 
shown,  whue  that  of  iron  and  zinc  is  greater.  If  tiie  aeSdent 
energy  is  snpplied  by  heating,  then  ottpper  and  itUver  will 
r«aot  Upon  the  acids :  for  the  same  re«Bon  naaoent  hydrogeu 
or  Hglphuretted  hydrog«n  can  predpitate  the  metala  above 
bydrogcu  in  the  li^t,  hut  not  those  below,  in  Hdd  solutions. 

5^j.  SnssTiTH  I  io»  OF  Bases.— If.  iiiat««d  of  directly  00m- 
bining  two  radicals,  we  anbaiitate  one  for  another,  the  foroe  of 
the  reaction  will  l>e  equal  to  the  differt.<iice  between  tlie  attrao- 
tletu;  and  thus,  if  we  exchange  radical  for  radical  in  a 
deaoending  series,  at  each  stop  we  get  au  inatttlment  of  energy 
set  IVee,  and  it  is  found  that  these  instalments  bear  a  diKtioct 
relatknt  to  the  elcotromoiive  force  of  batteries  so  oonslituted. 
The  action  uf  the  DanioU's  cell,  which  is  a  ootivenieut  iititrting- 
point  for  meaBaremciit,  is  the  subetiLution  of  liuc  fur  oop]>er 
in  the  sulphate,  for  zinc  is  dissolved  at  one  plate,  and  copper 
deposiled  at  the  other :  the  energy,  therefore,  is  acooidiug  to  the 

fiolphato  of  Bine      1050 

„  copper         587 
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Andrews  gives  54^0  as  the  reanlta  of  bia  experiments,  whidi 
repreMnts  ^•^6^  volt  aa  the  EM  F.  It  ia  probable  that  the 
diiTercnt  solubiliticsof  thetwotaltsia  ihe  cause  of  the  differeucea. 

Present  knowledge  is  not  saffidently  perfect  to  enable  Da  to 
rely  much  on  any  of  these  figurea,  but  it  is  generally  oonaLdered 
that  the  EMF  of  this  reaction  of  the  l>amell  cell  is  1*079 
▼oIt«,  and  Tablp  XVI.,  with  the  preceding  ones,  will  give 
readora  pretty  wi-ll  all  the  infoimation  at  present  attainable-. 


iLvmumoTiTB  FonoK. 

the  (lata  are  tiioec  of  Andnrn-s  and  Fnvre,  unA  in  the  laat  eolumu 
I  havt^  calculated  the  forces  in  volti^  iw  ooi&l>i)>rcid  n'itli  lliut  of 
the  Dauiell  taken  as  datunu 

Table  XVI— Foiice  of  DiSPLAcEMEifT  or  VxruM. 


UfUls  tAifUaO. 

UitataaulMlnMd. 

Lmd. 

Inn 

Btn, 

l!k(L 

LmkJ 

{91*9 

■  ■ 

B454 
1719 

ill' 

1760* 

MI4 
661A 
S4{0 

«I5S 
J676 

J'4«S 

1-807 

t-190 

■« 

•?4» 

.7  JO 

594.  ET.r/:TitoMfnivE  Forcb  asb  Ixtrihsc  EtntitaT. — Hftvinir 
now  asoertaiuod  the  energy  of  tbe  varionit  roaotiont  employca 
iu  deotrifiitj,  wu  iMVd  ui-xt  to  dineovcr  how  thin  energy  is 
cihanged  iutu  on  cleotrio  force,  iUid  to  do  tliUi  wu  luuet  first  osccr- 
tiiiu  the  value  in  foot-lbs.  represented  l^  tho  volt — tlie  mcuHtiro 
of  electric  jioteolial  or  pressure.  Now  it  Ib  ohvioiu,  8  49i,  that 
thtH  bein^  a  et*tio  measure,  can  no  more  he  expressed  t>y  itself 
in  foot-lbs.  Uutn  can  a  ton  weight  Testing  on  the  ground ;  with 
the  preenm  mast  be  nnited  time  or  motion,  m  in  mcctiatiics. 

Jnet  as  Iho  attraction  of  fpavity,  aoliujj;  throMgh  a  unit  of 
apaoe,  funiiehos  tho  itic«haDical  unit,  the  fuot-lli^  no  u  anit 
EMF,  a  volt,  acting  through  a  nuit  resialanoe,  au  ohm,  will 
give  us  a  wnit  of  oliiotrio  enoigy  if  ire  employ  aotue  unit  which 
ahall  oorrciflpond  to  the  pound^in  the  mechanical  unit.  This 
must  ho  Aomcthiiig  answering  in  olc'tricity  to  tho  idea  of 
"  qnnntity,"  «»  the  pound  rcpreuonta  tho  auatogoua  idea  of  mam 
ill  matter.  As  shown,  $  ^04.  the  ouly  proper  value  ia  tliat 
quantity  of  matter  to  n-hioh  Nature  bersolf  oouueots  electricity, 
vi». — 

,=-y =  olootrio  equivalent. 

Any  system  of  wpighUi  may  of  oourao  bo  n»od,  hot  as  part  of 
the  dftflnit«  B^t«in  of  thi«  iK  ok,  I  must  of  noceasity  uae  hero. 


597-3  "^^  BQCITOLT. 

to  make  the  prmciplea  clear,  that  w«iglit — the  gniii  equivalent 
which  hol^  to  uy  cA«nuV  ounvDt  tbet^lntion  wnioh  the  coulomb 
bolds  ill  the  B^.  ayatvm  (o  tliu  ampfre  uarn^iL 

595.  All  amtwre  of  ourront  in  tlio  offMTt  of  oiiu  volt  iii  a 
Mronlt  of  one  ohm  during  one  sooond,  and  tliiii  <runvTiit  ia  ei)unl 
dnriut;  the  nuio  time  to  5*68  vhcmiral  nniU,  or  in  t«u  hours 
prodaoea  ^-63  equivaleuta  of  chvmioil  niitioii  in  gruiiin;  thai  U 
to  aay,  ut  Nnpoie  ourrent  maiiiUiniK)  for  63  }3  MiRonila  (or 
€)]8  oonlomhs)  oorrevpoudH  to  a  chemio  cnirn-nt  inuutaiited 
tenhonn,  and  repreeeuta  1  gTnuie<[uivaloiit  of  <iU-otrio(|iiMitit^. 

59$.  The  energy  developed  in  or  abaorbod  liy  a  oirouit  ir  ui 
tlie  ratio  of  the  square  of  thn  currvnt ;  it  may  be  mcwtu«d  as 
heat,  or  in  meobauioal  tiuitA  and  the  vitliio  ft>r  an  unp«re  undet 
nnit  oouditiona  iain  L-alorioi  '14065,  whioli  for  ten  houni  gives 

Ampere  oqniTalont.  caloiy  ■  24065  ..  ~i'j8iiej9 
Coldrii-s  to  foot-lbfl.,  j-o6]S  „  .,  o'4S63)Oo 
Ten  honra  =  }6ooo  Bcoonda    ,.        ..     4^5£}oz5 

Foot-Ib«.      4-4"ij9i94  =  26544 

-5-5'fi8        5:7>4|iSj 

Foot-lbe.  per  Tolt  equivalent ..       ..     $-£^5701  =4673 

Ten  honre  divided  by  5-68  givee  m  63JB  Moondi  na  the 
UTimbor  of  conlomlw  TVopiircd  to  effect  one  grain  equiralent  of 
action,    llenoo  w*  get  liy  the  absolute  aystom 

Work  of  ampere,  C.G.S.  units,  crga  10'  7  '000,000 

C.G.S.  unit  is  foot-lbs. 4-867£56} 

6138  )>cc(>ndii  j'6oia447 

Ii^>i-llw.  |icr  6})8  ainpcri>-«Montla   ..  3-669&010  =  4673 

The  same  result  may  be  obtained  in  a  variety  of  waya,  and 
eaohof  the8eoaloaUti<>ua(ex|>crimeut8  made  in  tiu^rfs^)  fumiBhee 
■onie  data  which,  with  others  similarly  obtained,  I  havo  trans- 
ferred  to  Table  XVII.  for  use  in  other  cai^es.  This  r«8utt  a  of 
BUpreine  importanoe,  for  it  girea  a  deflmie  meaning  to  tbo  volt, 
wbioh  has  hit]i«rto  been  too  Ideal  to  grasp. 

597,  The  EijcivoLr. — This  is  the  name  I  proposed  for  the 
unit  just  arrived  at,  which  unites  the  ideas  of  qaanlilf,  forte, 
and  eiteryg.  and  <H>nnects  them  as  a  definite  valne  with  the 
atomic  theory  and  notation  of  chemistry,  and  will  act  as  tlio 
Quit  of  the  correlation  of  forces.  The  name  is  conkpoand»d 
from  th»  "equivaloDt"  as  the  basis  of  quanti^,  and  tL<j  volt  as 
that  of  potential.  The  name  baa  not  caught  oa,  and  the  idea, 
in  this  ooncrotc  form  is  not  received  by  the  profW>n  and  matbe- 
matioianx,  probably  because  it  makes  too  olear  the  absolute 
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Ti8i.t  XVn.  Valdrs  or  Cojtteiwjo)!  or  Vxrn. 
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•>!»« 

-|'J76koj 
J ■6696910 

M-    „     KtiiiwofKi>l]ieqiit.(i6) 
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oounectiuD  uf  ulectricity  luid  energy  to  wotUr,  and  Iwrii  ihc  ir«y 
inti)  the  regions  of  the  other  And  iLlietmct  theory.  But  t]ii>  i<U>a 
itiK^lf  in  iionii  the  IcM  tiuiviinuUy  n-'wivnl  in  a  li-ju  dufinito 
form,  and  thf  HjuiToll  Itself  b  ootumouly  n^uil,  only  nndor  tho 
titlo ofn " ixniatitnt " In  calculations, as  nil! Ik.- jmh-'U in  i GiS.  Tho 
vquiTolt  then  Is— • 

fj)  En«rgT  eqniTalent   to   4673    foot-lbs.  exerted  upon    m 

ritarixcd  cIuud,  e*cb  link  of  vhioh  is  an  "  cleotrie  equivalent," 
46J  under  tlie  struiti  of  1  volt  eleotrorootive  foroe. 
(]J   The  mechanical  eut-r^*  of  1  v»lt  exertod   under  unit 
oonditioas  throtigli  1  grain  eiiuivatent  of  clieioioal  aotiun. 

(})  Tha  800100  of  so  many  volta  of  £  H  P  from  anv  Dbcmioat 
roaotion  ss  1  grain  equivalent  of  that  reaction  will  pnxluoo 
oqnivolts  of  energy  ;  therefore  the  voUand<Mjnivoltaree<jualas 
to  value,  but  not  the  same  thiu)|^;  the  vult  is  pressure  aim|>ly, 
but  the  equivolt  is  preaauce,  time,  and  eqnivaleuoe,  i.  e.  energy. 

598.  3*0  BqniK'U  aa  Ijte  Umt  0/  Corrtiatitm. — The  doctrine  of 
the  correlation  of  forces,  or  equivalent  ooDvenion  of  any  one 
fiirm  of  energy  or  ■•  mode  of  motion  "  into  others,  is  tho  grandest 
and  most  fruitful  of  all  modem  scientific  acbievcmenta;  ilt 
value  is,  however,  ohscurcd,  and  lU  wurk  groaUy  limittHl  hy 
the  systeia  of  using  arbitrary  unita  diQeriuR  for  every  form  of 
force.  Those  who  have  uudemtoud  the  princivilM  involvctl  in 
the  t>ittv)ODS  sections  of  this  chapter  now  nee  that  the  equivolt 
■opiilies  the  much  needed  common  unit  of  me*8Vi«iiieut  for  the 
forces,  but  when  thus  naed  it  will  have  to  be  eccpreseed,  not  in 
terras  of  the  f^raiu -equivalent,  but  of  the  ampere-gramme  equiva- 
lent as  explained  i  6}0. 

It  should  be  nnderetood,  however,  that  in  ibe  C.G.8.  system 
the  frg  is  to  somu  <Txt«nt  a  unit  of  correlation,  as  it  eiprosses  all 
forms  of  onoriiy.  Uut  it  doc«  not  and  cMunot  fulfil  tbo  function 
orth«  Muivoit,  boonuso  it  is  a  unit  of  tncryyonti/,  and  is  not 
OOnoectod  to  tho  atom  of  matt«r. 

599.  FoKaiKtf  is  tho  definite  name  which  I  propose  for  that 
energy  which  is  ooovertablo  into  ulcotrio  enoigy,  and  which 
produces  that  stress,  action,  or  pressure,  which  wo  luoaKure  in 
ToltH  and  osll  vollage,  i  499.  It  oonsistx  of  tho  intrinsic  or 
specific  energy  of  oonstitutiun,  S$  5S0  St.  5S5,  and  alw  of  ths, 
energy,  +  or  —  as  may  bo,  of  PKitutioii  of  nuUtitncts ;  that  is  toj 
say,  It  isthat  cnvrgy  which  is  fixed  U]K>n  and  intimately  1  — 
ciatod  with  till!  moleeulf*  0/  matter.  Flcn;,  tlien,  wu  moo 
baaia  of  the  fiuita  of  cnrn-nt  mvntionvd  SJ  491-Ji  and  tiie  import 
anoe  of  ntudyiug  the  thcorj-  of  these  factx  in  the  actual  pbe 
nomenaofaature,  as  presented  by  chemical  octinn  in  bsttcnM, 
ratliLT  than  in  tl>v  form  of  ahstraetions  \mihA  "^y^  ^^  inut^ 


: 


C«oo. 

fuitctioiiH  of  E  M  F  ati  derived  trota  a  mMhanioal  Boorm: 
undonbt«<]ly  tlio  action  U  the  same  nltinuitely,  but  In  tha  ouo 
of  Uio  batt«ry  wo  are  oompelled  to  keep  to  nature,  whllo  in 
tlio  other  vrv  may  ruti  riot  »inong  formnlRu  We  haTo  boro 
tlio  two  tanetiima, current  aiid  eDerg7,boUi  oiigiualing  tr<aa  the 
ono  molecalo  of  matter,  and  never  diMooiat«a  throughout  th« 
circuit:  tbu  function  of  the  moIeaoUr  atraotare^the  ounont, 
porpotunted  tbrongh  tlio  whole  oirtmit  unohanged,  becante  it  is 
cMoiitiiilly  a  ]>heu<imeiioit  of  the  etniatare  of  matter,  and  tho 
oqairalenoe  of  atomsu  The  ener^  sever  Beparated  firam  tho 
luoleoulea,  which  by  tbeir  motions  are  the  agents  of  ila  trann- 
miuaioD.biitgraduaUyoxpendediu  those  rery  uiotioiia,  by  tian»- 
formation  into  heat,  which  loaves  the  circuit.  Tins  is  just  what 
happens  in  those  luaiufent  meohaoical  motions  which,  as  wo  can 
actually  observe  thoiu,  enable  na  to  oomprehoDd  these  niolecuUr 
motions,  which  are  beyond  onr  aotnal  examination,  aa  shown  in 
1 491  and  fig.  5S. 

£00.  CoftTACT  iSD  CiiEHic&L  TtiEORiES. — Ever  sinoe  tho  din- 
oovery  of  ourrent  electricity,  two  theories  have  been  maintained 
as  to  its  production.  Onoschool,  following  Volta,  attributes  the 
origin  of  current  to  a  "  force  "  duo  to  the  mere  contact  of  tho 
tmi  botlies  producing  a  disturbance  in  tho  normal  diatributiun 
of  eleeti icily,  assumed  to  be  a  constituent  of  all  bodies,  which, 
c-itttuding  to  neighbouring  eubstanoes,  sets  np  electric  and 
chemical  offeota,  Tho  other  school,  following  Oalvaui,  hax 
attributed  this  origin  to  tho  rtaetton  0/ chemical  a^nUiet.  Until 
n-contty  noitrly  nil  (English  oloctricians  have  adopted  the  chemi- 
cftl  thoory.  in  tho  belief  that  Faraday  hod  clearly  demoustnttisl 
tho  basefcssncfls  of  the  contact  thooiy. 

But  in  unr  new  suiirco  of  oloctricity,  the  dynanao  machine, 
we  do  apparently  obtuin  enormous  currents  of  electricity 
without  chemical  agency,  and  this  may  to  some  extent  explain 
the  revival  of  tho  contact  theory.  But  it  is  oerlain  that  in 
these  maohinos  tho  aonrco  of  oloctrioity  is  in  no  way  "contact," 
and  when  wo  loolc  a  little  further  wo  find  tliat  it  may  bo  tmcod 
to  chemical  action,  booauso  it  is  derived  from  the  co:iBunii>tion 
of  coal — that  is  to  say,  tbecliomical  rmotionofoiygonon  oarbon 
and  hydrogen.  Tho  ono  thin^,  however,  which  theao  maohinos 
prove  is  that  electricity  isi  denviiblc!  from  "energy." 

6oi.  Tho  (-oniaci  ihcirry  huK  undergone  variuns  cliangos;  at 
first  it  wag  held  tlint  tho  force  ortgiuatod  at  the  jioint  of  contact 
of  M«  Uro  taelaU,  my  copper  luid  nine.  Faraday  domonntintod 
the  production  of  voltAio  electricity  when  no  metals  wore  in 
contact,  and  by  a  numtwr  of  proofs  demoltshodthucontaot  theory 
in  this  funa,  and  cntablishwl  tho  chemical  theory  by  proving 


6o,0 


OOSTACT  kJn>  CSBMIOAL  7HBDKIE8. 


817 


chemical  octi'on.  iTltvn  Uio  oontaot  tlieory  ma  modided  so  as  to 
inoluile  ths  oanlaet  of  all  htiwogaieoM  moutanMs.  After  «  limo 
tbe  idOft  WM  nddul,  th«t  wtiUtct  w  (Aa  »twr«  .^  (*«  tteclric  /oret, 
but  that  chcmicAl  aotion  ww  noccMiiry  to  maintain  Ihe  Msefrve 
mrrenl.  Bnmght  into  tliu  compuw,  tliu ciutBttou  ui:ty  I>e  defined 
Mbei&gicit«lA>erWecfri«iIadionanMt)'rafflcVriiii^[>7aWi*oii«£Hyvri^^ 
oaMli^  lite  bodtra  |>re«tfnt,or  ir^Xlicr  (Ae  cAeni'VoI  ui-Iiwi  anW*  iiwauw 
an tUeUical  force  14  cnaledby  Hi4)eontttct  ofthebodie*.  It  must  bo 
admittocl  tKftt,  so  statod,  tho  qu««t)on  KOmH  to  bo  uIiuubI  o[i«  of 
words.  Mid  that  tbero  U  no  practiwl  diffimDOU  WtvriM:ii  tbo 
two  tbporivs;  tlio  molecnlar  theory  adopted  in  thvAo  pugoa 
really  oombiu*  the  tmth«  of  tho  two  otbora  in  ono  b«naoDwus 
syeteni,  for  it  showB  that  eloctrio  polarioation  teotU  to  b«  iiro- 
duoed  whcQOTor  ooy  two  hetorogenooin  mbstADOt*  oomo  into 
ooutaot. 

602.  nu  contact,  however,  is  no  now  mystoriona  farc«  or 
"diffenucn)  of  contact  potential."  it  is  tlio  ordinary  efcnniMlforoo 
of  affinity,  necewarily  exerting  itself  npon  all  itn  Kunouudingn, 
wheUivr  iri'iAi'n  (A«  molecuU  oonstitnted  by  virtue  of  it«  ootl'ju,  or 
•fion  the  cjilcrnat  atoTM  brought  within  its  range  by  tho  contuct, 
which  merely  meaiin  oloite  ueighboorhood,  allowing  forco  to 
dictribate  itself  uixm  the  uuiveraal  law  of  the  tUTene  square  of 
Juitanoes. 

Therefore  thia  theory  is  r«aUy  the  ofaemical  theory,  and  not 
the  oontaot  theory  doTulujxtd,  aud  allhuugh  it  nay  appKar,  oh 
before  remarked,  that  this  is  a  mere  question  of  words,  it  is 
really  one  of  great  importance.  The  point  is  whether  we  have 
the  right  to  invent  »om«  new  force  whenever  we  want  to 
«zplain  something,  or  mther  to  uopt  some  soondiag  word  to 
wrap  our  ignorance  in,  and  then  offer  that  word  as  an  explana- 
tion of  factti  vre  do  not  undonttand. 

60}.  An   L-xporiment   of   Sir  AV.  Thomson's  is  oonriantly 

Silolod  as  proving  th<i  exisitcnoii  of  "contaot  poteulial";  it 
I  a  modiScation  uf  tho  quailmul  clectrometvr  described  S  7;. 
Instead  of  opiKjalto  quiulrikutti  being  chargeJ  -i-  and  —  from  an 
external  souroo,  they  are  them«etvoa  made  of  different  uetats 
jn  the  form  of  half  rings,  and  the  moving  plate  is  sncpended 
over  one  of  tlie  oponings :  if  any  "  oootaot  foroe  "  exist  between 
Uie  two  ineuls  tha  needle  remains  at  reat  when  they  are 
Kc  par  a  ted,  and  moves  whoa  oontaot  is  made  between  them  at 
tlio  opiHjiiite  ends  of  the  half  rings  ;  tliin  in  exactly  what 
happeuH  whenever  wires  attached  to  the  ban  are  made  to 
tonoh.  Hero  it  may  be  remarked  that  tliis  i»  predsely  the 
same  thing  as  making  tbe  metals  tbemsolTOS  tuuoh,  ik>  matter 


teKai  tke  material  of  the  wtret  mag  be :  both  la  UuA  oue  nai  in 
tkormu-eleotricdtjr  it  b  onlj  tliu  lermiu&l  m«to]s  wluoh  sfibot 
the  result,  because  any  iatermediat«  juaoUona  neutralun  each 
other. 

604.  Tliisexperimeiit  DroMt  (A«di«niaaIM«orif.  Mr.J.BrDwn 
of  Belfast  repeated  tn«  ex]>urtTueut,  and  proved  (hut  the 
diSerenoe  of  potential  set  up  varied  iii  d«gToe,  writd  in  direedoa, 
according  to  the  nattir«  of  the  utiuotijihL'M  hatliins  the  0|)c» 
junction  of  the  itielalfl :  the  divided  riiijj  of  two  tnetats  with  the 
HpacQ  belweeu  them  oonittituting  a  puna  inlvauio  cell,  in  which 
tiko  fL-Iation  of  the  metalii  to  caeh  other  iHityH,  if  any,  tho  niimt 
iusif^uiQcaiit  part,  while  tboir  relation  to  the  gat  to  which  ihey  are 
expoied,  the  cheoiioul  action  set  up,  in  the  whole  oauao  and 
measure  of  tho  efluot. 

Co^.  Dt.  Fleming's  bxperimeutiil  huttcry  wuh  haaed  on  tlto 
same  principle:  he  Buspended  bent  ntriiw  tif  k-ad  and  of  omijier 
alternately  lu  a  seriMi  of  glii«nw  «>utaining  alternately  nitrio 
acid  and  puuttiaul]<Uii.Ii:  tif  itodiuui,  no  th>t  cuch  vi^toiul  contained 
a  atrip  of  oopjn.-r  and  of  lisul  without  nny  lyjuluot  of  diflervut 
inetaU  auywhure,  but  so  that  thu  <;hcuiioal  aotton,  as  rvlated 
to  the  two  lULitalH,  wiui  iiltvniatcly  rovuncd,  and  the  vollage 
gon«rntud  by  t]ii«i>  ucliona  wiw  altornatcly  from  loud  to  copper 
and  from  copper  to  lead,  resulting  in  ouo  oontintious  E  M  F  and 
ounvnt,  idiNolutoly  iodopendcnt  of  motoUic  oontscl,  but  due 
wholly  to  oliumical  onor^. 

606,  Wo  may  put  the  fucts  into  tho  form  of  a  law.  Wherever 
then  it  free  energy  prctent  (as  heat  in  thenno-'«lootridty)  or 
whertver  there  it  potential  energy  trckiny  to  beeomt  /rtt  (as  whoro 
chomtcal  affiuitioH  uaa  oomo  itito  play)  ■'■■  pretence  of  A\§ef«n- 
lial  moletvtar  tiruciurce  or  eondiliont,  Utin  energy  taiet  the  form  of 
cUetric  potential.  Voltanoe  beoom«a  voltage.  The  quantity  of 
cnorg}-  assooiatod  with  any  molecular  ouuditiooa,  or  acting  in 
tho  moloonlor  chain  nioaaurea  the  E  M  F  due  to  tho  particular 
conditions.  Thia  is  what  is  embodied  in  my  equivolt,  nnd  it  is 
known  and  admitted  even  by  those  who  maintain  tho  contact 
theory.  Tho  gonoratlon  of  E  M  F  in  dynamo  machines  aliio 
dopoode  upon  tho  onany  applied  to  moving  tho  wirm  acrow 
A  magnetic  field,  in  woioh  thoy  are  subjected  to  molecular 
stresses. 

607.  Even  the  difforonco  of  tomporaturo  of  two  parts  of  the 
same  solution  will  sut  Up  £  M  F,  just  as  it  docs  in  the  thermo- 
pile :  so  will  the  act  of  eolutiou,  which  itself  gonorat«s  either 
-|-  or  —  heals,  S  J91 ;  what  is  tho  same  Uiin^,  a  dilute  and  oon- 
oentiated  solution  set  up  E  M  F  at  their  jonotion,  and  in  all 
oases  this  action  is  dependent  on  the  direction  in  which  hwt 


jiiiWBi  tt)  all  cuaea  w«  CiaA  E  Ht  F  uieaus  transmiBsiom  and 
chaa^  of  form  uf  unvr^,  unit  wu  may  nnw  atuily  the  mc-chaninn 
of  thti  umiTatitin. 

6c8.  Tu!iiuii7rA7iox  or  Bbraxor. — Admittinf;  the  exUt«iioe  of 
Btomsud  mulcouluaasdooribcHl  IS  lo,  131, and  their  poeaeBUop 

[of  matnally  attnicUvo  powers,  vnrying  in  degree  with  their 
oaturOjit  in  oridvat  timl  when  diUVtivnt  Miibatanoea  oome  within 

1  tlui  nogo  uf  their  mtitniil  attraction*,  thoy  ninat  exert  a  di»- 

ituilHoa  action   on   cuoh  othvr'it  coRHtitiiont   particlea  ;    ibow 

[■toma  ID  ttto  two  bodiotf  wliidi  Imve  thv  gn^ttost  attraotioa 
(or  Mdi  othvr  will  turn  towardi  oach  otciar,  and  weaken, 
if  they   do  not  ultogctlivr  ororcomo,  Iho  BttracttunM  which 

;  bold  them  in  thuir  oriEi&nl  arningemvnt :  the  disturbauoe 
thnif  caiwecl  in  pri>[tBgmtM  to  the  cootiguoaa  iDoleculea ;  heuoe 
in  (irodiiced  a  oomwoative  orderly  nrrangomont  called  poUmtOr 
lum,  tending  to  oomplotci  a  cIo««d  cbiiin  or  dronit,  owing  to 

fHxtt  aotioQ  of  the  partially  rel<»Mid  atomii  aeoking  frvwli  partners 

'  or  points  of  unio«,  {  46;. 

609.  Gai-vasic  CiKCOiT.— Wo  inay  find  an  illusitration  in  mag- 
netixm.  We  may  regard  the  atom  as  a  Hniall  magnetic  needle, 
the  niuleculu,  »«  two  bucIi  iiix<dh<!«  monnttHl  on  a  nlism  with 
tht^ir  jioles  o]>p««ed,  fonning  an  wtatic  (>»ir  in  which  the  attruo- 
tiimn  of  the  avToral  polca  HtJaf^  each  other ;  now,  tliia  uoedlo 
being  NUapeiulud  freely,  will  bo  indiffercat  as  to  inmiti'in,  but  if 
wo  brini  a  magnet  De<ir,  tho  osieling  internal  e<]nilibriiim  in       

I  deranged,  and    the  oaUtic   needle   will    place   itself  in   sooiA^^H 
poaition  dno  to  the  cxti'mal  infiucocc ;  the  samo  will  occur  if^^l 
we  bring  a  Moond  astatic  or  conibiuod  eyet^m  near  the  finit 
(they  being  capable  of  free  motion  in  any  direction)— tht^y  will 
arrange  thcmaclvc*  as  is  reprcsoDted  by  Fig.  €j. 

Fto.  e& 


f-l- 


I!! 


I  and  2  r«prennt  moleculea  held  together  thus  b^  the  foroea 
of  ])olar  attnotion  of  the  atoms  ropreaeoted  hy  apiral  upringiii. 
When  two  HUfb  mol'icuKm  tipproaoh,  part  of  their  forces  act 
extutually  and  hold  the  niijluciiilea  togetcer,  thongb  with  a  foioc 
lean  puwurfnl  than  the  internal  affinity.     ]  and  4  convoy  the 
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same  idea  more  fully ;  Id  ;  the  intenutl  attnLCtion  is  shown 
strong;  ill  4  it  U  weukeued  by  part  of  tlie  attnclionB  l»Qin){ 
directed  externally  to  the  iieoreat,  or  most  attracted,  of  tlie  atoms 
of  the  appriKicluDg  molecule.  This  ta  the  action  doecribod 
thTougliuiil  Ihin  vfork  as  tleetric polarization,  to  which  the  actions 
of  electricity  ure  obio8y  due.  Thin  idea  as  to  struotHro  of 
matter,  wiiich  I  have  lonj;  held  as  to  matter  generally,  has  boon 
applitil  and  very  geiuiTuUy  adopted  as  to  magnetic  matt«r:  it  ia 
the  haMiM  of  tho  nioirt  r<«unt  theory  of  I'rof.  Ewing,  illnstTat4Ml 
by  hin  adiuinihlu  itxporiincutM ;  which  is  itself  al§(>  the  theory 
of  Prof.  Hughes  (.vimud  Bomowhiit  further  iutodotAih 

£io.  W«  amy  iiuagitie  a  line  of  ojutdrntaiit  magnetic  needles, 
which  uun  turn  on  their  axea  but  not  change  place. 
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Such  a.  nyatcm  would  arrange  itnolf  in  polar  order,  and  OD 
presenting  a  S  polo  (lut  S  at  tho  end  of  the  raw),  each  magnet 
would  revoKo  and  transmit  motion  nJoTig  the  line,  or  if  the 
torininal  magnet  were  moved  a  similar  action  would  occur,  and 
by  it  mechanical  energy  would  bo  transmitted,  losing  itself 
partly  on  tho  way  by  friotion:  tho  more  distant  magiicta 
would  also  have  low  effort  cxortcl  upon  thom,  under  couditioua 
analogous  to  tho  fall  of  potential  in  a  oonduotor.  %  491. 

61 1.  A  mechanical  form  of  this  idea  consists  of  a  row  of 
wheels  working  into  each  other  and  all  moved  by  enerjy  im- 
parted to  the  first  one,  which  energy  is  tianamitted  along  the 
row,  each  wheel  moving  on  its  axis  without  change  of  plaoo. 
This  conveys  the  two  ideaa  of  "  qnautity  "  and  of  work  junt  m 
completely  as  does  the  trausmtsaion  of  a  material  bulk  of  wat«r 
in  a  pipe:  each  rotation  of  the  wheels  is  a  measure  of  quantity 
OS  peifeot  as  is  the  motiun  of  a  foot  of  water,  and  the  energy 
transmitted  will  be  as  the  square  of  tho  number  of  rotations  in 
a  given  time.  Uere  then  we  have,  as  in  eleotrioity  and  as  in 
hydraulics,  jf  505,  oondttious  corresponding  to  the  number  of 
turns  (quantity)  and  the  preaauce  applied  (E  M  F),  reaultlng  ia 
enorgy  on  G  X  B. 

611.  Pol^BI^x'^o)t  bt  Postrtrx  Uetal. — These  ideas  are 
readily  tronaferod  to  tJtu  atcma  and  molooules  of  matter,  for 
there  is  very  groat  reason  to  bellove  that  every  atom  is  endowed 
with  a  spooic«  of  polarity  aimllar  to  that  of  the  single  needle. 
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A  plooo  of  ztno  in  immerwd  tn  sulpkuno  acid  and  tbo  molecoUa 
ia  oootMt  iasUutly  untngo  thocuMlvoe  thua : 


7m  Za 

-     + 


soTHi 

-    + 


ona  of  tlw  atoms  of  duo  attracting  tb«  aulphurio  mdical  SO, 
Mid  wMkeoing  tho  previous  internal  atinuttion  of  thia  for  tho 
hydrogi-n,  which,  with  th«  second  atom  of  iho  sino  moleonle, 
HtmilHrlj-  vxvrttng  oxtornnl  foroa.  aoU  in  turn  u])On  uthor  mole* 
OTilvn,  till  •  oumpwto  chain  is  fortned  throofih  tlw  line*  of  lewt 
riMuttaiico.  This  i»  fully  shown  as  repmM  tlw  DnnwU  cell, 
i  465,  Mid  ID  th«  singlo  lino, 

-  ZaT^,    Soi^l^^cZ    CttTCtt.  + 

Ziao  flDteriag  into  solution  and  copper  deposited  setting  frc*) 
tho  diffurential  Toltaiioe,  S  $9). 

61J.     ACTlOSfl     AT     MeDATIVK     pLiTK. — Wo    hav*    MOD,  j  591, 

that  tho  total  energy  derived  from  tino  in  sulpliurio  acid  ia 
10,50^  ft.,  or,  tins  uquivoH  being  467}  tU,  we  may  say  that 
the  grow  voltago  ot  sine  is  3*348.  Ich  deductions  to  bs  now 
aaoortaiited.  (1)  There  is  the  energy  aba'^rbed  by  the  i^utwtaoos 
■et  ftee— oppor  in  the  Daniell ;  nitrous  gaaea  in  tho  Grove  and 
BuoMD,  chromic  alnm  in  the  bichromate  (some  of  thwo  may  be 
■JmpliSod  by  regarding  the  prooese  aa  the  liberating  of  oxygen 
from  prior  oomoittation^  and  most  serious  of  all,  hydrogen  in 
tha  sioglo  aoid  oelU.    (i)  There  is  the  effect  of  tho  nogatire 

!)Ut«  itsolf,  nad  this  has  been  generally  overloolcod,  although 
t  is  well  known  that  the  E  M  F  of  a  celt  varies  with  tho  nnturo 
of  tho  negative  plato.  Tho  tliooty  now  under  ocimadnration 
will  toll  iiM  why.  yf«  hare  aecn  tha  ciuo  polarising  theliqnid, 
but  on  the  wno  prinolplea  every  metal  would  attxaot  th«  aoid 
ndioal,  and  tend  to  set  up  polarization;  thia  Dwaaa  a  struggle 
between  the  two  raetaht  fur  th«  possession  of  the  snlphurto 
rsdlcal,  and  that  the  force  duvelupeJ  in  tha  chain  is  dna  to  tho 
dtfhrswos  of  the  two  attractions,  ao  that  only  the  balance  of  the 
gnattr  foroa  ia  available  to  ejeut,  say  the  hvdrogen,  at  an  ex* 

rnditare  of  ££41  foot-lbs,,  leuving  the  TMridne  to  develop  into 
H  F,  and  ultimately  into  work  and  heat    The  total  possibla 
force  of  a  Smee  or  similar  cell  ia  therefore — 


Total  foroc  of  sine 
Absorbed  hj  hTdrogen 


foot-pounds  1050]  =  volts  1-148 
„  6841  „     1-464 


=  )66i 
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and  from  this  hu  to  bo  deducted  the  ccnintsr  eflbot  of  tlie 
negative  or  oolloctlDg  plate. 

614.  Here  we  boo  the  reaeoii  of  the  rapid  failare  of  siogle 
acid  cells,  euoh  &e  the  Smoo,  i  301.  The  k  M  tl"  tested  §0  as  to 
prevent  ite  working,  ns  by  condensere  or  against  high  reufitauce, 
ifi  much  larger  than  this.  Clark  gives  it  as  t  '098,  and  as  only 
•407  when  working;  the  difference  is  prohalily  the  energy 
absorbed  in  rendering  hydrogen  gosoouH;  tor  trnder  the  Itrst 
condition  (high  rosietanco  and  verj-  amatl  current)  the  hj^drogen 
sol  froo  docs  not  actually  become  n  gas;  it  either  forms  a  liquid 
(melal)  film  on  the  plate,  or  outers  into  a  partial  union  with  it, 
or  is  (li<»olvcd  in  tho  liquids,  nrd  the  energy  noodod  to  gaaiiy 
the  hydrogen  is  avuiliil.tc  for  E  M  P. 

Cty  In  cetimnting  thi>  counter  force  of  the  negative  plate  we 
require  some  starting-point  to  fix  an  autunl  value  on  what  is 
otherwise  only  relative ;  tht'  in lunter- force  of  carlx.n  is  so  small 
that,  in  thegenornl  uncertainty  vftho  figures  available,  we  may 
count  it  as  nothing,  booauso,  although  11  conductor  like  the 
metals,  unUkc  thorn  it  cannot  replace  hydrogen  as  a  bnio,  or 
form  salts  with  acid  radicals ;  bonce,  properly  troated.  citrbun 
f^ivbA  the  highest  attainable  force,  and  we  may  aasame,  without 
much  risk  of  error,  that  the  force  it  gives  is  that  ol  the  -|-  metal, 
less  only  that  of  the  stibstanco  sot  free  at  the  —  plate.  This 
applies,  however,  only  to  nitrio  acid  and  similar  cells,  on 
account  of  the  great  oapacity  oarboD  possesses,  like  platinum,  ot 
condensing  hycmtgen  upon  its  sur&oe. 

Taking  tlio  value  of  the  nitric  acid  ooUa  m  ffiven  by  Clark, 
Table  XVIII.,  and  expressing  all  the  forces  UM  actions  in  the 
equivolt,  we  obtain,  ns  a  starting-point,  the  force  absorbed  in 
ddoompoeing  nitric  acid. 

ToUl  fureoof  xino      v-'itaflAd 

C&rhun  in  Bunwu  coll      ..      ..         .,      1*964 

Forcoabsorbtil  1>y  nitric  acid..        „       '164 

In  the  GroTfi  oell.  alt  the  conditions  being  tlie  t*me  exoep 
that  platinum  replaces  carbon,  wo  hare 


Fotoe  of  carbon    .. 
„       platinum 


'. 


Oonnter  for«  of  platinum 
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Tliose  eiampleB  aliow  the  prooceitew  employed  in  calcnUtiug 
the  following  tableo.* 

616.  ELBcrrsoMonvB  Fohcx  op  Cells. — ^TsUe  XVIII.  ut  com- 
piled from  vaiiona  sonrcea,  wMoh  differ  very  much.  My  ovra 
detemiinatioiiB,  made  for  the  c&Ioulationa  now  Iwiug  couaiderod, 
were  made  witli  a  shie  galvanomeler  tLroucb  a  resistance  of 
I  joo  ohms,  and  with  the  apparatus  descriljod  1  578.  They  only 
Dlaim  approximate  accuracy. 

617.  Table  XIX.  shows'the  EM  F  of  Grove's  cell  under  dif- 
ferent oouditibus;  it  is  derived  ^m  I'oggendorf.  and  ia  very 
inatructive.  The  difl'oreut  foioe  given  by  the  acids  in  different 
degrees  of  dilutiou  well  illustrates  the  cuuvcraiuu  of  specific 
enetsy  into  electric  foroe.  As  we  mix  the  acid  with  water  it 
developa  heat,  and  this  means  loes  of  potential  energy,  therefore 
ft  diminished  amount  available  for  nae;  for  the  eauie  n*soa 
beating  the  liqaide  inoreeees  the  E  H  F.  Still  my  own  ezperi- 
raenta  do  not  show  tliat  this  producea  an3rthing  like  the  effect 
shown  in  lines  li  and  13  of  Table  XVIII.,  on  the  authority  of 
Olark  and  tijabine  ;  1  find  that  the  dilution  of  the  aulphurio  acid 
affects  the  reaiatanoe  rather  than  the  E  U  F. 

Taih,!!  XIX. — FoncK  ov  Giiovs'-s  Cki.l. 


Elue  In  Sulpbuik  AtU, 

riUlDOdi  Id  KIlrM  AiM 

fan*. 

Sptolllo  gniilt;  iMjG 

„            „         i-o6o 
M            ■.        '  ■  I  J* 

Balfihnte  of  dno 

Oo[i4moEi  oalt       ..       -. 

OoDoentialoi   ,. 

It          •■       '  li 
n           **        1*19 

9*                  n            *  '  "9 

1'            *»        ''II 
■■            ■■        '   *J 

I 'OH 
l'8o9 

l-TJO 

■  •681 

1-6JJ 
I'SOJ 

6l3i  I  biivi-  fiiitiirl.  iiH  nhiiwu  ill  tlii!  latrt  line,  that  salt  with 
aoid  give*  Ik  higiiiT  E  M  P  than  Miil]>hurio  acid  (toes.  tlii»  boing 
due  to  the  r«avtiou  of  the  two  liquids  upon  caoh  other,  wbioD 

*  'I'licn  Ate  peFuliaHtio  hlthgrlD  unnutint^l  in  thn  buhnrloiu  of  caibon  anil 
[lUlinum  ii  udg&iivei.  In  lom*  sipfrimvnl*  J  hniK  uiik<  two  plnlM  <>f  tli«  Miin« 
■ii*  ia  dilTanat  iHgoDti.  In  ililiilt  toi'li  nod  is  chrotnic  tcid  I  fnuDcl  llii  K  M  K 
with  osrtiOD  eot^iith  grcntfr  than  with  plplinnm.  Bui  «th«n  tli«  ume  ptalra 
wtre  oMd  ID  Dllrle  add,  thi  pUtknum  e>to  trrf  ttiKhll^  thr  gnntcr  faret.  Thli 
would  indicat*  a  wurc*  ef  Ih*  dinnnt  touIu  bj  didercnt  tiptiimoDicn :  (h« 
MtbOTi  ii  konini  to  rarj  in  c|u«lil;  nad  m  ia—  plitinuio,  knd  bwidit  llil*  tbara  li 

Srabibljr  t,  different  rclaUoD  iritb  «Mh  Tuintioa  of  i|iialitf ,  to  th«  aM  rnillolt  et 
itTercDt  ttcilanti. 
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vouic-«  in  aid  of  the  sine.     It  wilt,  howevei',  give  higher  eanvnt        1 
onl^  whgn  the  ext«tiial  roftist&uce  ia  Urge,  as  its  owu  fpvates^^l 
rvMstnnco  oo)mt«rhalance«  the  extra  force  it  generates.    A  glaoo»^^| 
at  TAblv  XV.  will  oiplain  this,  as  Col.  Ill  showa  th&t  the  foroe^ 
of  chloridra  io  eolulioD  is  greater  tbao  that  of  sulphates  except 
ID  the  CAH  of  the  acids  tbeius^lvf«:  the  oonaeqaence  is  that 
1        snlphuric  aoid  acts  upon  salt,  metallic  ohloridea  are  produced 
together  with  sulphate  of  soda,  and  this  extra  fierce  is  added  to 
that  of  th«  circuit,  as  it  is  in  the  same  directioa.    For  similar 
rCHOns  IICl  gives  higher  E  M  F  than  II^SO,.  $  187. 

619.  TbHo  XX.  gives  my  owu  experiineDta  on  nitrio  acid 
and  similar  oclls,  as  to  thi^  effect  of  diflerent  oxidizing  agentdi 
aiid  of  difl'urcnt  metals  as  positives : 

Table  XX.— Pobcb  ot  Oxidants. 

L 

II. 

la. 

nr. 

V. 

NcgUinOttl. 

INalUTtOtIL 

ElMliwnoUt* 
FvrM. 

l^alUtT. 

Laubr 

lUuUnu. 

PlMlnnm. 

Sul|ili1irk  uU. 
lull)  niar. 

1               HUTlcMld,«p.f.  1-314 
11 

t* 
ft 

Nitnlc  ct  K^»  and  tul- 
l-ltiiria  Hoiil       .,      .,, 

Uii  tlTxmalt' cf  ]iotAali  .. 

Zlno 

Irin 

Conper 

Bi  TOT 

Zino 

ban 

Tino 

i'tB4 
•TBS 
■6;B 

i-ot6 

i-ijj 

■  a 

•4«? 

IV 
H 

« 

■708 

620.  FoRCB  OF  PcwnvK  Hetals. — From  the  force  Kiv«a  by 
eaoh  combination  in  Table  XX.,  and  nsioK  the  force  of  zino 
already  ohtaioed,  }  JQI,  as  the  starting-point,  the  value  of  other 
metals  is  readily  arrived  at.    Taking  fi^S  volto  (a  eqaivolts 
OS  the  total  value  of  zinc,  the  actual  force  generated  tmder  any 
eiveo  conditions  gives  the  low,  or  force  abrorbed  by  these  cod- 
ditiuna.    In  the  Grove  we  have  3-348  —  1-761  =  -iS;  ;  all  the 
conditions,  except  the  positive  metal,  remaining  UDdianeod.  this 
is  a  oonstant  loss,  and  by  adding  the  actual  force  each  otetal 
yields,   we    obtain    the  total    fuR«   that   metal   caii   generate. 
Table  XXL  gives  the   results  of  sovcntl  such  prooosses.  and 
1       also  Ihe  value  derived  from  Favre's  figures  of  the  snlphatoa. 

L i 
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Tabli  XXL— Fobce  or  PoemvE  Metaw. 


8ltr(le  Hll. 

ZlDC 

Iron. 

Coppw. 

SflTW. 

Ttbl«ZXm.,Oal.n.      .. 
Grow'i.  XX.,  Col.  IV.      .. 

]'I43 

11 

:-7ij 
i-70> 
fftji 

1-380 

I -174 

These  figuree  agree  ■mong  theimelvea  more  closely  than 
thtmv  given  by  different  uutlioritiea  for  the  same  expenmesta; 
Lut  iron  preseDta  aa  anocnaly,  owiu);,  probably,  to  iu  capacity 
for  forniiiig  two  seta  of  sails.  However,  while  Favre'a  flgurea 
moke  its  value  3-0G9,  AiiUrews'  give  it  aa  i'88B,  ao  there  is 
obviously  room  for  fuHher  iiiformatiou. 

621.  CoDNTER  Force  of  Keo*tives. — It  was  pointed  out  in 
f  613  that  while  the  ohcuijcal  action  at  tbe  poatlivo  metal  is 
the  source  of  £  M  F  there  ore  two  aotiona  at  the  negative  plate 
which  dimiuiah  tliiH  force ;  the  Stat  to  ooneider  ia  the  opposing 
power  of  the  negtitivo  pinto  it««ilf.  This  can  be  iwoertaitied,  like 
tho  positive  forc:e,  by  ''^'^pi''S  *'"  conditions  constant  exoc-pt  tlie 
negative  plate.  Tablis  XXII.  gives  the  forces  produced  by  both 
MOts  of  changes  at  one  view. 


Tabib  XXII.— Fohce  or  Metals  ik  SuLPUlinio  Aoid. 


NrflUTM. 


Plntisuin 

Bflnst     .. 
Copper  .. 

Iron 


FMIlTn. 


aunt. 


■J9J 


Coppw. 


■m 

■IJ9 


tno. 


•B41 
■ij6 


Zinc 


The  platioutn  line  and  sine  colnmn  are  the  obaerved  figures; 
the  others  aie  calculated  from  thuin.  Ilie  forcen  ar6  tlioae 
produced  against  such  resistanct*  iw  provmitji  iho  fdrmiition  of 
gaa  1  by  deducting  '<;8)  from  thorn  wu  get  the  force  under 
working  conditions  (i  Ct^),  though  bcn^  again,  iron  thowa  a 
discrepancy,  as  it  would  appear  that  iron  and  xinc  would  not 
])roduc«  n  working  cnrront,  mongh  in  fact  tlioy  do. 


^^^^^M^J  "^J 

Ae  the  fall  force  of  sido  is  a  ■148,  and  1*367  i»  Uie  highest 
ftotnal  force,  we  have  3-148  —  I'lfi?  =  'S81   m*  Die  constant 
qnuiti^  to  deduct  from  the  total  low  which  uoh  negative 
metal  shows  in  the  some  way  witJi  zinc;  thus  Ritver  and  ziuu 
give  t-107,  which,  taken  from  3-248,  leaves  ■■t4i  —881  a 
■160  as  the  oouuter  foioe  of  sUrer.    Iii  this  waj  Column  TIT,  of 
Table  XXIU.  is  ohtained. 

I   may  here  remark  that  platinixed  silver  acta  predsely  as 
nlT«r  BO  far  as  the  form  b  couot'nied ;  its  value  is  in  throu-iiiK 
off  the  gaa,  and  so  dituiuishing  resistance;  and  h«Qoo  it  would 
appear  that  it  is  more  economical  in  tlie  long  run   to  use 
platiiused  platinum  tiiao  the  cheaper  silver. 

Columns  IV.  to  YII.  of  Table  XXIII.  Hhow  the  net  force  due 
to  the  metals ;  deductitiK  the  counter  effeotof  the  ue^tive  plate, 
but  iiot  of  any  chemical  reaction,  whidi  Is  considered  iu  next 
aeotioD.    Some  writerH  lay  that  thb  relation  is  constant  for  all 
liqolds,  but  this  is  not  t>o ;  it  is  a  matter  of  oheuioal  reaotion, 
and  the  relations  may  evt^n  be  reversed ;  thus  iron  ie  positive 
to  oopper  in  acids,  but  copper  is  positive  to  iron  in  sulphide  of 
potaasinm  and  other  liquids.    See  }  (05. 

The  figures  in  the  taole  are  baaed  on  xulphurio  add.  but  are 
appioxlmat«lv  cgm^L-t  for  all  the  ordinary  combinations,  as  may 
be  Been  by  Tablu  XXI. 

Table  XXIII.— Foace  of  Metals  in  Volts. 

t. 

II. 

lit. 

IV.            V. 

VL            VIL               J 

.„ 

ToUlw 

Snlbbailo 
AcU. 

OBMMt 

FnratM 
NccUliw. 

KuTCO  of  l<ultlTai  u 

Ofjfitti  U  IMaBD  1,          1 

XIac 

Im.        ODppvr. 

aant. 

Cuban    ..     .. 
Plslinnn 

0 
t'IT4 

t'TJl 
1-94* 

0 
■OOB 
■560 
■So4 
•6=9 

1-14S 
l't49 
I -SUB 
1-741 
'■419 
0 

i*7»J 
i-JIS 

i«S 
t'109 

:  ftto 

t-oio 

1-IJ4 

i-iee 

63J.    CHBVtnai.  CotmrER  Fobcx  at  Nuatitb  FtaTS. — The 
second  deduction  IVom  the  E  M  F  is  the  chemical  action  in  the 
[           liquid  at  thfl  negative  plate.    In  S  6 1 },  aetting  hydrogen  free  is 
1            set  down  at  1  -464  equivolts ;  thin  in  an  excess,  no  doabt)  for  it 
1           is  the  force  of  oooilniation  of  liydrugcu,  which  inclodefl  the 
1          latent  beat   of   gnsificution   of  oxygen;   ia   work,  however, 

bkttorim  npponr  to  ikbitorb  Uiu,  for  tho  oonntur  foiM  of 
hydrogen.  oontinK  tho  jiUto  makes  it  up.  Taking  tho  fbroo 
when  hydrogen  is  not  wt  froc  as  gM,  wo  tnay  obtftin  tlio  Ut«nt 
boat  or  onorg;  of  gasification 

Force  of  Smo6  obwrvod ..     i  •  107 

„    aUver  aino,  Table  XXIII 1-988 

Pifftreuce  =  abeorbcd  by  hydrogen        ..      ..        'SBi 
Forc«  of  oombuetioii  of  ditto     1*4^4 

ProbHblo  Utont  energy  of  gaoe* 'SSj 

£31.  This  18  the  deduction  to  be  made  from  Table  XXIII.to 
g«t  tae  working  foroe.  By  similar  proceiwos  we  cnn  obtain  tho 
energy  absorbed  iu  eaob  of  the  different  outiaiiR,  and  tiitut  in 
formed  Table  XXIV. 

Tablk  XXIV.— Esebov  Absokubu  w  Nwatjvb  Ebaotiosb. 

EquirelU. 
Single  oolls :  pure  hydrogen     i  -464 

„  Uqnid      „  -SSi 

Nitrio  acid.    Fuming        •384 

„  Spedfio  gravity  i- j8  ..  -jfio 

»  .,  i-Jj  ..      ..  -430 

»  ..  i"J2  ..  '479 

nitrate  of  aoda  and  Hulphurio  ACid  ..  '708 

Bichromate  of  potiiiih •)4j 

MoQganeae  peroxido 'CS-j 

Copper  in  Daniell        -jo6 

634.  By  deducting  tho  proper  one  of  thoM  lignroM  from  the 
proper  one  in  Table  XXIIl.,  evury  information  cnn  Im  obtained 
AH  to  the  mode  of  funninu  biittunt^  itnd  ninob  wnntu  of  time 
and  money  may  be  auveii  id  t<.-«tiQg  any  idea  whiuh  ooourM  lut 
to  a  probable  combiuatiou :  if  thr  n^ijiiiaite  metal  or  liquid  ia 
not  iu  the  tablea,  the  fivat  thing  to  do  ia  to  make  a  simple 
extM-riroent.  and  add  ibo  rcsnit  to  the  proper  table.  Suoli  a 
proceMt  would  at  once  diitpoeo  of  many  of  the  crnde  ideas  which 
suggest  ihomselvea  to  experimentere.  New  {so  called  new,  that 
is)  batteries  are  being  continually  patented  still,  and  thousauda 
of  poooda  have  been  lost  iu  recent  yean  by  companiea  formed 
to  work  them,  which  would  have  been  saved  had  these  simple 
priiunplea  been  understood.    Thia,  with  what  I  have  said, }  599, 


A 
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ii  mj  reuuD  for  rotainin^  to  macb  kbont  bHtt«ri««  nl  a  timo 
wh«D  th«y  m*y  be  cotwdvrod  of  uoall  imporUuioo  to  moat 
nadera. 

Tbo  figurM  in  ftll  thceo  tablw  r«fer,  of  oouno,  to  tb«  perCwt 
oondition  of  things,  and  at  fint  stftrting ;  in  nil  ohm  tb«  outngea 
which  occur  in  adion  Moon  nduoo  the  forov. 

6J5.  It  is  ovidrat  from  nil  theae  fignres  thnt  EMF  and 
chemical  nfiinity  arc  manifr«ution«  of  ono  natural  forov.  It  la 
In  fact  aoknowl»dgi.<d  by  nil  tilootriotanti  that  E  M  F  is  rehitbd  to 
tha  pot«Dtinl  energy  of  chemical  affinitv  (otdu  by  thoM  who 
ta,y  thera  tit  no  >ntord(ip<-n<ti;Dcc  though  both  ntny  bo  related  to 
Bome  third  a^uncy).  It  i»  a  oortain  (act  thnt  in  olootrolyais  th« 
breaking  up  a  iiuhHtanco  into  a  cimpliT  oiniditiou,  inch  as 
deoxidutioii.  invtilvrf  thu  tiruHimoe  of  aii  EMF  which  takes  do 
part  in  thu  uaiud  furiiiuln,  which  ia  not  uotire  in  prodaoinf; 
current,  that  ia  to  *uy,  Uiu  formula  muttt  bt*  written  E  —  «  to 
oocotmt  fur  tho  actual  «urr«ul  produced.  Thia  —  e  ia  just 
equal  to  tile  poaiiive  E  which  the  rever«e  act  i>f  oxidation  will 

Srodnoe.  Oii  the  oUier  band  it  is  known  that  some  energy 
isappeare  which  is  not  accounted  for  in  the  E  of  the  oircnit. 
and  this  enur^  again  ia  exactly  that  oorrtaiHMiding  to  the 
chemical  unioiiliniktin  up ;  hatv  then  we  have  tiie  two  terms,  E 
and  energy,  oount«ted  and  etiuiralent. 

626.  'I'hiA  is  oomtuonty  slated  iu  tlie  following  manner.  The 
work  done  In  transmitting  electrieitv  ia  as  E  x  Q  (whiob  is 
simply  B  X  C  in  auotht-r  form,  without  reckoning  time,  as 
C  =  Q  -r  T),  and  tbe  &ami^  furiuuta  applies  to  doing  tnis  against 
an  opposing  EUF,  as  in  a  decompositiuu  cell  In  thia  oaae 
ft  ohMDioal  combination  is  rerened,  of  wbioh  in  moat  oaaw 
the  caloriflc  equivalent  has  b««D  experimentally  determined,  as 
in  Cols.  VII.  and  VIIl.  of  Table  XIII. 

Let  n  represent  the  heat  of  combination  of  i  t^rammo  of  a 
anbvtaDoe;  say  hydrogen  =  }4463  combining  with  oxygen,  and 
aino  pooaing  to  sulphato  163}  calories. 

Let  A  represent  the  conlomb  equiTalent  of  any  sobatanoo  in 
fframmes,  Coh  IX.  Table  XILI  „  multiplied  bv  1  o  to  bring  it  to 
uie  C.O.S.  unit  1  J  being  the  equivalent  of  the  calory  in  ergs, 
43  X  lo'.aad  the  volt  ming  to*  onits,  we  hav« 

ExQ=QxHAJ. 

An  BrithmotifAl  rveult  of  this  equation  is  tliat  removiiig  Q 
frfun  both  sides  wo  have  B  =  HA  J,  which  means  EMF  != 
Energy,     An  example  will  make  this  plain. 
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Iq  the  cue  of  hjdrogec  burning,  we  Iwto 

H  =  c«Iories  344d  ^g  4'5)7I4^S 

A  =  -ooooiou  X  10  '4.00954$) 

J  =  4-3  X  10' or   42,000,000  7-635349} 

Energy  in  erga  8- 1701351 

1  Tolt  =  C.0^  uniU  10'  8'ocooooo 

VoltoofEMFdiiototheunioDoflluKlOo' 1701^51  =  1*480 

lu  the  oaae  of  iciiio,  forming  tiulpfaate,  we  hare 

H  =  o^riea  1635  Log  ;'aio3i8{ 

A=  ■OOOJJJ24X10       -i^S2»^s^^ 

J  = — — ; — u  boforo  =_i-63j349j 

Theoi  3*2^2  —  I -480  gives  '792  as  the  EM  F  of  tbe&otioD  of 
r.inc  diasolring  and  giving  off  hydrogen,  whioh  ia  much  the 
Bfuiie  HB  the  figure  given  §  5ii. 

6J7.  Hence  we  have  tliis  ae&niiknt,  the  K  M F i^irrft^ondtng  to 
any  cnemkal  action  i#  equal  to  lh«  product  of  the.  cquivaltml  wtignt  of 
On  hatie  ion,  atKJ  of  tlitsheal  of  tiombinalion  of  0it  ticn  imi*  fxpTt»»ed 
0*0.0.3.  units  of  leivk :  that  ta  to  say,  whon  all  the  olemeuta  ana 
reduced  t()  the  absolute  exjiresaion.  How,  in  tlio  faneof  anaha_ 
fact  and  suob  an  aooepted  law  can  any  oue  <lis]mt«  the  ntAtement ' 
that  B  U  F  ia  merely  a  metaniortihoaia  of  chemionl  affinity,  and 
talk  about  t^imtacl  potettttat  la  uund  of  the  evideuoe  that  both 
ohemioal  alDnity  and  E  M  F  are  forms  of  energy,  oorrelativ«, 
oouvertible.  ami  exptesaible  by  identical  Bgureu. 

6a9.  Tas  Obthodox  Cosbtast  =  46000.  I  nitntioned  in  S  597 
that  though  luy  oonoeptiun  niid  term,  the  eouivolt  was  not  wel- 
ooiued  by  the  ■irofeea>:ti  h  uihI  nnithematioal  tilectricianH,  yet  they 
made  use  of  the  thing  itaelf.  1  qaote  thia  cumwuu  definition 
"  to  rtdatx  heat  units  per  dyad  fframne  Tiutfe^le  dirert  to  votU,  uw 
Ihe  divitor  4(000."  ur.  O.  Lod^e,  in  his  admirable  papoi's  on 
eleutrolyttis,  givea  this  explanation  ;  "  If  6  glands  for  tJio  huat 
production  per  dyad  gramme  equivalent  (ho  moans  molooule 
oratom)oftlieaubatanoe(e.  g.  per  iBgrauimis  wftter,  98grammea 
aulphorio  acid,  or  1  }6  grammea  of  chloride  of  zinc,  it  is  easy  to 
see  tliat  £  =  d  -i-  46000  -  volla,  for 

i  =  A^^'<f'  '^ss^k-  ^"-r 
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wli«re  fi.  b  the  EuolecoUr  weight  of  the  subetance,  na  oompand 
with  ao  atom  of  hydrogeu.  aud  k  is  th«  alomicity  or  number 
of  booda  loosed  in  Uie  deoonipueition." 

639.  This  ta  really  exoellent  if  we  ooDceivo  that  deviaera  of 
mathfloiatioal  formuha  are  actuated  by  the  priaoiplee  flidlor«r«d 
by  soooantanta  when  preparing  the  bafaDoe-eneeta  of  oompaiueB, 
to  make  them  aa  unmeanLDg  as  poanble  to  outsiders.  Why 
akould  we  l>e  l>othered  with  "  dyad'gr&mine  equivaleuta,"  and 
theu  have  to  Insert  the  uyatio  Jt  (atomioity^  in  overy  oaloula- 
tioa?  Why  not  do  thiaouve  for  all  with  moaem  ooUtion  chem- 
ioal  nymbola,  and  get  at  onoe  to  the  aiinple  "  monad  tcramiiie 
equirateat "  ?  That  iii  what  I  do  in  i  594  aud  Table  Xltl.  Col 
VL,  and  thereby  j^t  ata/od  </ naJure  instead  of  a  mere  mathe- 
matical furmiiln. 

But  why  that  rerj-  oompoct  46000?  If  any  thing  ia  certain  it 
is  thatmichn  lU'iit  ligtiru  lun^t  Lwrlainly  be  incorrect:  well,  it  is 
meT):ly  the  n.-Hult,  S  513,  nf  luaing  tlial  Other  neat  round  flgnre 
43  X  10*  furwhat  would  morulikelyrcquireasevenfignrastogive 
oorzeoUy. 


^orB    m«na  4^  =  3j.ooo, 
k         i  » 


and,  naing  the  frranime  nunuul  atom  instead  of  tho  gramme 
dyad,  ]},ooq  b  Uie  propur  nnit  fig;nn),  the  "  oonstaat '  :  it  is 
also  the  certainly  iDOonvct  valno  in  ronnd  numbers  for  that 
which  I  giro  (probably  iaoorrv«tly)  in  S  C^o  as  3}38S.  As  to 
this  matter  01  correct  valnea,  I  will  tiuolo  nhat  I  wr<'t«  in 
the  '  Eleotridan '  about  this particnlar  subject,  17  May,  1897. 

"  The  uncertain^  of  the  actual  vb1u«  is  duo  to  the  fact  that 
we  do  not  know  exactly  oa  yet  what  an  ampere  eurrwit  ia,  how 
to  get  a  real  ohm,  what  we  mean  by  a  rolt,  thv  work  ralno  of 
the  vi>ltHtmpL*r«,  or  the  exact  mechunical  tviuivntcnt  of  huat. 
We  can  M8  yet  only  rcoogniite  our  knowIiNlg«  an  approximatOi 
try  to  improve  it,  t>ut  still  perooiro  that  our  crront  of  meuure- 
ment  do  not  affect  the  natural  prinoiptos  oonoomed." 

fijo.  Eqbivolt  tor  Okamkk  SrsTzu. — I  gave  thi»— tho  con- 
stant arrived  at  upon  thcwo  principloo,  which  lead  us  to  a  natural 
law  instead  of  a  meio  foruinla.  I^nt  H  Im  tlio  oaloriM  per  grammo 
equivalent,  ua  iMually  given  in  lahlea,  or  asoertainod  by  H  X  A, 
§626.  Lei /=  35187-7,  Log  4-5671 J171  being  tho  work  in 
calories  of  an  amiMRi  current  offocting  1  gramme  equivalent  of 
action,  in  97do6-;  rnKxinda:  i.e.  6i}8  x  M'4)2- 

We  now  have  »  figuro  which  u,  for  the  gruDDMi  equivulont 
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And  calory  eystem,  tho  same  thing  as  my  equtvolt  ia  for  the 
groin-eqiuvalent  and  ft.-pound  syBtcm  i  59^    Theo, 

ST  liydwgfln  I  grMnme      J4463      Log     4'Sni405 
J  gnimmo  eijuivclt         23287-7  4-J67ia7l 

Volta  ofEMF  due  to  Hand  0  as  before     0-1701134=  1*4^ 

6ji.  I  have  given  tJii«  originul  value  to  correspond  wiUi  the 
other  >*alaeii  used  in  ihia  Cbupler,  lint  we  muy  aa  woll  arrive  at 
the  nowor  vnluM,  with  Kmiiere  =  silver  -ooi  1 18 

I  gramme  H ••         o-6oooooo 

Ag. -ooiii8/ioa -5-0150160 


Time  =Becoiidfl  96601 4"98498ao 

Joule  in  ergs,  Table  XVII.  1.  33  ..       ~i  •  J797S07 

Bquivolt  2J0OI       =  4'3iSr7327 

This  apprusttuation  to  the  "  constant,"  $  616,  ia  due  to  use  of  tlio 
erg  value  of  the  jciule,  which  is  related  to  the  valno  42  x  10*. 

If  we  uae  the  experiiuoutal  value,  nol  to  be  too  much  trusted 
now  the  coulomb  value  is  altered,  we  have 


I 


Tioio  in  snaonilM,  96601  .. 
Joule,  Table  XVII.  I.  33 

Equivolt  33347 


4-984-5820 
"■■38'5S59 

=  4' 1^5679 


We  shall  kuow  tlie  true  valueaome  day. 

6]3.  Work  of  Heat  Variis  as  the  b^DASUt  or  tiir  CcntiKHT. — 
The  following  formnlio  giro  the  boat  or  work  devolonod  in  any 
circuit,  usiuK  the  proper  unitK,  E  in  vultH,  It  in  obms,  C  in 
amperes,  T  time  in  aocoDdK,  ntid  J  Uio  oonatant  roprcaonliog, 
in  Tabic  XVII.,  the  value  of  the  joule  of  work : 


J 


I.    C  X  B  X  J  X  T. 
3.    C  X  E  X  J  X  T. 
£•  X  J  X  T 


B 


I  That  ia  to  nay,  in  the  same  rwistaaco  and  time.  Hie  work  of  tlie 

F  current  varteii  na  tho  square  of  Uic  current,  or  wbib  by  Ohm's 

L  formulu.  tl1l^  <!urrant  itaolf  iindor  thc«e  conditions  varioiH  directly 

I  M  the  E  M  F,  ihv  vtork.  nnea  at  the  t'juan  0/ Ihe  E  M F. 


WORZ  AS  MJOAItB  CT  CDUltirr. 

Thi>  is  a  stum bliiig-L look  to  many  (ettpeciallv  when  regarding 
olectricitj-  as  a  flnid)  wlio  oaunot  aee  why  douMicf;  the  quAUtity 
of  ft  fluid  paesing  anonld  endue  it  with  fourfold  foroe ;  but  all 
mysterr  disappears  when  examined  by  the  U(;ht  of  tlie  molt;- 
cnlar  uieory,  and  by  aid  of  the  hydraaUc  ainUojpeis,  $^05,  d:a. 
Lot  US,  theii,  study  it  in  «  aimnle  experiment,  employing  the 
figares  wo  Lave  already  obtained. 

63}.  Let  us  take  three  ainitlur  bichromate  cells,  A,  A',  A', 
the  force  of  each  of  which  is,  per  Tftble  XVIII.,  volts  a-oaS, 
the  internal  reaistauce  taken  as  uhm  o*  a  arranged  as  in  Fig.  66. 

Fm.  GO. 
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Q  imm  gilvutometer  whoeo  reeistanoe  we  ca31  o*  1 ,  and  whoM 
value  in  unperoB  is  known. 

B  I«  a  rheostat  or  reeistaDco  instrument  for  adjusting  nwiat- 
anoo  and  onrrent  as  required. 

C  is  a  oalorimeter,  auch  as  described  S  }6£,  the  wire  of  which 
has  a  reaistanoe  of  i  ohm. 

D  is  a  depositing  voltameter  with  two  copper  plates  and  a 
ruiktAnoe  of  ohm  o'loo. 

The  AiDctioDB  of  these  two  should  bo  fully  understood:  D 
moainiros  current  or  "  quantity,"  pure  and  simple ;  so  long  as  a 
givim  onrrent  passes,  exactly  the  same  weight  of  copper  depoeits 
m  the  Huuie  time,  whether  1  or  ;o  cells  be  employed,  and 
whtitliur  the  resistance  of  I)  itself  be  ■  a  or  100  ohms.  C 
moacurvH  the  energy  or  heating  power  of  the  correnl  in  a  fixed 
ri'MNtancu ;  if  this  wire  be  a  ohms  instead  of  i,  it  indicates  double 
work  <loue ;  but  if  it  be  I  ohm.  but  the  "  current "  be  doubled, 
then  it  indicates  fourfold  work. 

6j4.  We  wish  to  obuin  through  this  circuit  with  one  cell  ao 
ampeJu  current,  what  must  the  resistance  be  ?    The  formnia  is 

__  =  H—— —  =  a'oaS. 
O  I 


/ 


KuxTROHorrni  pobck.  [^iS- 

The  fixed  roauittuiuu  in  ..      Q     '  lOO 

0  i-ooo 
D  -ioo 
i-joo 

A,  InfeeBttil  ndftuKA      '300 

B,  ri»K»tat  and  ooim«oticmB ;  to  bo  made  =     'jafl 

2-oa8 

Under  tho«0  ooiiditionit  ft  oHrront  of  I  ampere  pnaseB,  and 
thorefure  ia  6338  siioaiidM  1  vqiiivalunt  of  diemical  luttion  talcm 
plaoA  tliTOUgliOut  the  circuit;  thiit  ix,  )2'6  groinM  of  sine  uru 
ai«Nolvod  in  the  cell  A  (indi^jwoduot,  ■>f  counwi,  of  anjr  local 
notion),  nnd  in  I)  )i  "^j  KraiiiH  of  ouppuT  uro  diNaolrod  from  0119 
plate  nnil  <]u|iciett«d  ou  the  other,  while  in  C  heat  in  prodiiood 
equivalent  ti^  467]  fuut-pou:i(lii  of  energy:  that  in,  oiiuugh  to 
heut  I  lb.  of  wnU-r  a  little  over  6°  Falir. 

6}5.  Wv  muHt  DOW  uKsume  a  few  ootiditioiut  to  ailjtiat  the 
experinifint  to  thu  theory.  Let  tia  coimider  tliv  wire  of  0  aa 
ooiiiuating  of  n  Hiugle  chain  of  moleoules.  alone  which,  during 
theaolutiOQ  of  an  equivalent  of  »iio,4&|}  iiupuTauaormoleoiiUr 
vibratioDa  aro  trununittvd,  each  iiujiuUi;  Itoing  etiuivnlont  to 
I  foot-pownd  of  energy  for  each  unit  of  current  goueratud  in 
the  ohain.  Tbeeo  li^uree,  though  omunioLl,  tnily  expTBss  the 
facts,  for  it  is  the  e&aic  in  the  end  whether  one  single  chain 
reprecenta  each  action  as  1  foot-p(>Hnd,  or  whether  a  million 
moleuulnr  chaiuB  tmuHmit  eaoh  only  onc-niilliuuth  of  A  foot- 
pound  ;  the  total  figuiee  are  true  either  way,  hut  the  aseumption 
tnTnishes  a  definite  conception  of  tliv  fucto,  and  deals  with  theui 
in  airnple  figures. 

636.  Under  these  conditions  we  may  deal  with  the  E  Sf  F,  and 
ensrgy  in  a  simple  Dr.  and  Ct.  account,  thas : 

Dr.  IIi]l)[ir<>!lB.      Ft.*Ibi^ 

I  mguivalcnt  of  sino 3,248       10.503 

Or.  Olimt.  EiiuiraltA  Ft.-lb«^ 

Abvorhed  in  deoxidation 'tio        i,o38 

Aa  heat  in  cell : 

Struggle  of  polarisation,  ni/  ..   'OOO       .. 
Bccictaaoa  of  cell  -loo      .• 

B^i^neoof  gcaoraloiicuit,  j  .g,g  ,.^,g       ^^ 

Beiiatanoe  of  calorimeter  0  I'ooo       4.673 

3'a48       10,505 


nCEKOT  AS  SqD&BK  OP  CDItltKRT. 

637.  We  now  ioBert  a  second  cell,  A',  and  our  R  H  F  Ix-como* 
4'Oj6,  the  internal  TesiatanoeB  '400,  and  therefore  we  rodnoo 

that  of  U  leaTiuic  total  resistauoe  tie  same;   then   *      „  =  a. 

Onr  ciirrent  is  now  doubled-^thnt  in,  0  marks  a  current  of  1 
ampeni  per  hoooikI;  D  dqiottite  6} -5  griiinsof  oojpper  io  tJie 
eqniralfint  period  of  6538  wioondx,  or  twice  aa  mnen  aa  before ; 
Imt  C  mftrin  heat  uquiviJent  to  1  ((,691  foot-pounds,  or  34  *  3  beat 
nuila,  that  it,  fourfuld  oni>rgy,  instead  of  only  doublu  like  the 
leat.  Why  ?  Tht-ra  being  two  unita  of  ourreut  thero  are  two 
oquivalsDta  of  sine  dissolved  m  each  coll.  There  are  two  cetla 
and  tjterefore  we  hare  fonrfold  unergy  given  up  by  the  aino. 
But  the  i^iain  of  moleoulee  ia  niiultered,  ezoapt  that  by  inserting 
the  Moond  eel)  we  have  doul>l«d  the  iitrain  put  upon  the  obaln, 
maidng  it  4'o^£  volto  instead  of  1-028,  and  therefore  each 
mdeoolar  impulee  has  a  foroe  now  of  1  foot-pounds;  owiuf;  lo 
this  double  energy  it  overooinee  the  reaiatauoe  in  halt  the  time, 
and  therefore  the  current  ia  donbled. 

But  the  ooQBequence  of  thin  la  that,  in  the  time  of  the  experi- 
inent,  we  liaye  now  4673  x  1  =  9j46inoleoular  impuleee  (wkiob 
repreeent  the  "  quantity  "  or  current),  c«oh  effected  under  a  force 
of  3  foot-pouudv,  and  ns  re«ifltanpo  monnn,  and  in  measured  as, 
the  effecting  vsvh  eticb  itnptilse  in  the  single  tame,  these  oon- 
diticins  iiuply  thut  the  work  of  overcoming  resjatance  in  half 
the  tinie  is,  for  i«ch  ohm  of  restittaiioe,  9346  X  i  =  18,693  foot> 
pounds, 

6)6.  We  DOW  state  the  second  set  of  conditions  in  a  Dr.  and 
Cr.  aooount  like  the  first : 


Or.                                                          EquitnlU.  FUlba, 

CeU  A,  3  units  of  sine ll't^l  ^^^ 

(3-348  10,50} 

Cell  A*,  3  units  of  eino 4*49^       •■  3i,oo6 

8'992  43,013 

Or.                                                                Bqelrelli.  rt-tts. 

Deogndatioa  4  units  at  '330             ..            -SSo  4,113 
AUorbed  per  ohm  r — 

Id  donUiag  ooTTsiit  »  3 -000 

Id  doabUng  force                     3*000  .. 

3  X  3  •=  4-000            ..  ., 


1 


BLiCTioiifOTmi  ronox. 


t6j9. 


ReriBtanceof  oelU  ..  400 

Resistance  of  general  )  ,g  . 

cirouit J   

BedstttDoe  of  0 


Ohnu.  EqnhnlU.  Vt-ttm. 

I'oae  4  113  19,116 

I'ooo  4  000  16^1 

3*0)9  8'99i  43.020 


The  slight  difinooe  is  tbt  foat-pniiiiilit  in  owiog  to  the  use 
of  oven  nnmbvn  ud  o»gl«oting  nniall  fniotions, 

The  oxpcrimont  with  three  <*Ue  would  give  exactly  tlie  same 
r««uU,oxc«pt  that  9  equivalents  of  energy  per  ohm  are  required 
to  muLDtain  a  threefold  current,  and  it  is  needleea  to  oooupy 
apnou  in  working  it  out  in  <tetail. 

6J9.  From  all  thin  it  follows  tlmt  the  energy  needed  to  gene- 
rate curront  and  the  energy  ab»irlied  in  the  circtiit  or  in  each 
ohm  [if  th<;  reei^tance  vary,  as  a  fact,  as  the  sqiiarti  of  the  current ; 
but  it  IB  evident  alao  that  the  statement  that  the  work  of  a 
ourrent  varies  in  the  ratio  of  the  square  of  the  oiirront  ia,  after 
all,  only  a  niatheninticnt  expresHimi  hosed  upon  a.  ainglo  ono  of 
tho  two  varj'ing  conditions,  as  with  static  electricity,  S  86 ;  for 
the  rcial  fact,  as  shown  in  the  Dr.  and  Or.  accounts,  is  that  it 
varice  not  as  tho  square,  but  iu  tho  direct  ratio  of  the  quantity, 
that  is,  of  the  number  of  molecular  actions  in  a  given  time,  hut 
that  it  also  varies  in  the  direct  ratio  of  the  foroo  under  which 
these  actions  occur;  it  is  booauBO  thoiw  two  necositarily  vary  in 
tbo  same  degnc,  ono  boitig  dependent  on  thn  other,  that  the 
oomhinod  dffoct  can  bo  truly  reprcscntpd  as  duo  to  the  square  of 
cither  cmi-  of  them.  Tho  name  principhi  will  ho  fimnd  to  under- 
lie every  notion  which  varies  m  the  ratio  of  tlic  >Kjuare  of  its 
apparent  cauxo;  oxaminalion  will  always  disoovcrasocandatTiMe 
ojKTating  pari  patm,  the  tw'>  linked  together  and  therefore  pro- 
(luoing  a  ruaiilt  which  can  be  cxpreased  as  tJu>  sqaaro  of  either  of 
them. 

$40.  y<ynvt\tX  rtgoritA  a*  entryij.  All  the  fscts  and  Sgures 
in  this  chapter  show  that  E  M  F  is  e<iuival«nt  to  rwnjif  nlorfd  in 
and  applied  ujxyi  a  drjiniu  mohcuiar  chain ;  and  tbafvolt^"  are 
OB  "  foot-pounds  "  iif  i-n^rgy  thus  stoTod. 

Lot  IIS  now  work  out  Iho  idea  that  B,  sleotrumoltve  force  or 
potential,  as  uxpn-HSud  in  the  volt,  represents  the  potential  energy 
gloTfd  upnn  aiid  la  he  expended  wilhin  the  unit  molervlar  chain  :  the 
links  nf  thiN  dmin  ooiTcapondiug  to  I  grun  equivalent  of  ohemi- 
oal  action. 

Wo  have  here  two  dicUnot  qiumtities  to  deal  with,  thoee 
refomd  to  $f  19  and  21. 


A 
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^i)  A  quantity  of  ducrgy  0.  which  is  467J  foot-potinils. 

(3)  A  qaaolitg  to  caU^  Q,  which  ia  trwktcd  in  difToreiit 
manners  hy  Iho  iHAcrvnt  schools  of  olcotridty,  an<l  upon  tho 
clear  ooncoptioii  of  which  tho  comprehensioD  of  electrical 
phenomena  depends.  It  is  oommonly  PAllod  tha  juantilif  o/tU«- 
tricili/,  and  is  expressed  by  the  olootroetatic  unit,  or  by 
ooolomb.  which  is  )  x  lo'clectrostAtio  nnits.  It  is  also  n 
aoiit<'<l  by  tho  material  qaantitr  aaMoiatod  with  tlio  olo 
quantity,  vix.  the  electric  i^qaiTalenta  of  aubslanoei. 

Here  it  repreMota  6i}8  coulooilw,  tho  vahio  corrc-cimniling  t» 
I  grain  itjuivalent  of  OMmioal  action,  uuociated  iiudcr  tho  unit 
system  with  ^67}  foot-ponndg  of  enerfcy. 

641.  Tht'rois  nomoroTtM)  myKtvry  alioiit  them  two  quantities 
in  electricity  than  thure  in  in  ni<:cliiiDi<w,  whuro  alno  they  aro 
constantly  present;  the  :nyH(«Ty  wliich  xiirruTinils  thom  in 
the  wrual  inathomatScul  tristtrntint  is  mitirt'ly  duo  to  thu  arti- 
ficial "  olL-ctrioily  "  which  Itujt  been  invi-ntiHl  by  the  varions 
thooriitts. 

Wc  <'An  o1>tiiin  an  hydraulic  analogy  by  voinparinj;  th«  unit 
elt«tri<!iil  conditions  to  tho>«  of  u  oolunin  of  wuIit  4673  foot  in 
height,  with  such  »  oonduoting  pijio  at  piuitM«  ihu  unit  quantity 
(4675  pounds  of  water)  in  6jj8  socvodn,  which  is  m  cnrrant  of 
pound  ■757 J  IH1I-  Ki-gond;  then  the  qiuuitiiy  and  vnerey  are 
expressible  in  tormn  of  tlie  pound,  lut  a  value  oormi'onoinE  to 
the  nnit  enoi^  of  the  nnipero  oiirront,  i.e.  the  joule,  whioa  ia 
•7VTJ  of  tho  foot«jy)nnd. 

Tne  same  idea  will  probiihly  Iw  more  completely  recoired  by 
many  minds  in  the  form  of  a  pound  weiaht  suspon'lod  by  «  oonj 
467)  fe«t  long,  and  doing  work  as  it  dusoends,  in  th«  nonoal 
time  of  €})6  Kecouda. 

6aj.  It  will  be  well  to  trace  the  relations  out  slop  by  step. 

(a)  EUettvmolire  fore«  E  inCAua  a  quantity  Q  of  potential 
energy  {of  which  the  unit  =  1  volt  ts  46^3  root-pi>unilK)  charged 
upon  a  efaain  of  moteuuleA  (a  quantity  Q),  of  which  each  link  is 
t  grain  e(^{Talent  of  matter.  J 

Ueehanioo-motive  fon-e,  S  481.  will,  in  like  manner,  be  repnM| 
sented  by  the  column  of  wat«r  or  the  weight  of  S  641. 

(6)  This  faUn&A  energy  is,  in  the  eleotrioal  caae,  wholly  con- 
verted into  kinrtie  enertt)' ;  but  tho  rale  0/  coMMrncra  depends 
upon  the  oonditiona  under  which  it  takes  pUoe. 

(<^)  ital«  o/TO«Mr«Mn  of  energy,  Q  is  proportional  to  rato  0/ 
chemicat  aetion  Q;  both  oorreepond  to  the  rat«  uf  fikll  of  Uiv 
water  or  the  weight  }  f  42. 

(d)  Currmt  is  ^aafi'ty  ditided  Ay  time,  that  is  to  aay,  it  is 
rate  of  converaian  or  trnnsmiseion  :  it  ia  usually  oonsidereJ  a« 

X 


tlio  latter  only,  Tint  it  ie  neceaeary  to  extend  the  idea  of  thb 
current  to  enerjjy  as  well  as  matter  or  electricity.    Then&tn 

§  =  0     and     ^=a 

(e)  Unit  fltne  is  6}  j8  Beoonds,  and  therefore  unit  0  =  i^^  of 
H,  hydrogen,  and  unit  C  =  JSJf  =  "717}  foot-pound. 

(/)  We  aee  that  in  this  formula  T,  time,  replaces  R,  resiatAnoe 
so  oalled,  in  the  ordinary  Ohm's  fonnula ;  in  fact,  the  atttt«Di«at 
that  odtreDt  is  quantity  divided  by  time,  and  the  st»t«inent  (h) 
that  rate  of  oonversion  or  tranamission  depends  upon  the  oon- 
ditioDB  under  which  it  occurs,  are  tlie  tame  thiu(;  differently 
expr<«8ed,  for  time  ia  eiuply  the  inverse  meaanre  of  relative 
facilities  of  conversion  and  traosmia»ion  ;  if  the  facility  uf  traiiK- 
miasiou  is  reduced  to  half,  an  by  halving  the  area  of  a  cou- 
dnctor.  the  time  of  Iransmisaiou  uf  unit  qiuintity  is  doubled. 

(<j)  Time  of  fiow  of  unit  quantity  is  therefore  the  meibaure  of 
couductin^;  capacity,  and  ia  the  real  thing  )epreseiited  by  the 
ao-caUed  resistance,  tlie  1{  of  Ohm's  formiilte,  which  in  f  441  Tvas 
shown  to  reprtaeiit  the  reciprocal  of  this  capacity.  In  fact, 
(iiirront  in  at  i^nducting  i-apaciti/,  and  it  ia  also  (d)  inversely  m 
"time"  or  *' n«iBl«noo,"  whichever  expression  best  suit*  \mT- 
tiunlar  rt-'quirementa, 

(A)  Electric  Tttiniance,  the  R  of  Ohm's  formula),  represents 
really  tho  time  darin-j  tchifh  the  unit  gtuntli'ty  0/  j>olettti*il  ettergy 
heciiTM*  kinttic,  and  this  under  unit  conditions  of  the  grain 
equivalent  is  Cyifi  seconds ;  but  this  definition  is  limited  to  the 
action  of  unit  E  M  F. 

(■)  The  conducting  capaci^  of  any  circuit  is  proportional  to 
the  E  M  F  acting  upon  if,  S  445,  fur  this  is  only  another  way  of 
stating  tlie  fact  that  current  is  as  the  KMF,  or  that  the 
resistuiice  ia  alike  for  all  currents  In  other  words,  the  aclual 
uttpocity  =  the  unit  x  E.  and  it  is  the  reciprocal  of  this  which, 
%  aMC  constitutes  tho  arlificiiil  "olcotrio  ronstanoe "  B,  though 
tins  ia  arrived  at  by  methods  apparently  indopondont  of  vm 
variable  E  M  F. 

(k)  To  make  tlio  definition  of  ffc)  general,  we  must  in  litce 
manner  take  into  accfiunt  tho  EMF  owrutin);,  and  then  vr« 
Khali  find  tbat  H  com™pouda  to  T  -i-  E,  time  divided  by  th« 
EMF,  as  to  unit  energy  (i)-  But  B  =  T  direct  when  w« 
oon«Ider  the  material  quantity  or  current :  Umt  is  wlii^ii 
0  X  T  =  Q  =  I.  In  this  uose  also  T  ia  really  the  unit  time 
6J38  -T-  C,  which  in  (/)  is  «hown  to  mrrespond  to  R. 

(/)  "The  rouon  of  this  is  evident  when  we  oonaider  that,  a* 


«43-] 


nroiaaY  ard  fotkvtiau 
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regftrdg  CiU^irg;,-,  wft  arfi  ilcnline  with  limits)  niiantiti<a  Q  and 
Q  diridod  ky  tinii!  T,  whiln  Ohm'ii  formaljD  iImIh,  not  with  k 
g«n«ral  <)iiantity,  but  only  with  tli«  qiuintitiui  r«]Bt«d  to  a 
itingl«  Booond. 

(m)  Thtm,  if  wo  dmiWu  K  «■«  ddtible  otirnswt  0,  iind  thwcforfl 
hklvK  Uiu  tiinn  T  during  which  the  unit  <iuantitv  Q  (to  which 
w«  itro  limiting  our  oonHidontion)  possta.  But  tiy  doubling  E 
we  haTU  doubled  the  qtmntity  Q  of  energy  oonnt-cled  to  the 
Buterial  (luuiitily  Q,  and  themfure  we  have  these  oondltiont. 

As  to  matter-^  =  a.C  and  Q  is  ^  X  ."^  =  i- 

As  to  encrgj  — ^  =  4.£Jaiid  0  ia  ];  x  ._=  »• 

Tbcae  &»  tlio  oonditions  of  (aL  tJwM  of  the  nnit  moleoolar 
chain  ooTTCsponding  to  Q.  upon  woit^  are  oburgcd  qnanUtMS  of 
energy  oorrespondin^  to  4  x  B<  wroeing  also  with  the  Uwa  of 
energy  om  oorreepouding  to  C*  X  B  or  0  x  B. 

64].  A  few  ciani ])!<)»  may  innlce  the  uiattor  uore evident. 


Action  of  Q  =  Cnmnl 


I  Veil  .       , 


,  jj-  1  C. 


=  0j. 


B.  1. 
B.  -I 


J  X  K  X  C 


n.i)». 


J  xCxB 

Jx  JX4  =  J-8*) 

Jx-sx*ss=  ■0911*5 


=  iC=J 


Artlon  oT  4  =  Bncrgy. 
fL-lli.    46;) -_  r  S 

T      0JI69."    '*'»   ^-0^. 

T    ^7ir^=  *■*"  ^  =  -0^4 


I  will  work  this  last  out  fully  iu  logaritlinia. 


•J  =  ~i '6939100 
1,=   o-joiojoo 


B. 
B 

C     -sj  =  "i-j»7«oo 
J  •7J7J  ="i'MJ*s4j 

"l'964}66) 


DBlt  time  e})8,   =    t-Bot4447 
C  ■»(        =    I'HTWno 

T    )5)ji  =    4'4<Meo«7 

nalt  O    4(;) .  =    | '6696010 

E  •(         ="i-fr»»97« 


>ii<.  =    j'jWi7io 

'JJS>   =     ■♦■♦a4«J4J 


I 


BMTg7  nprndcd  p«T  MMnd  =  ■09116}  =  "i'96«t66^ 

Showing  the  potoatial  energy  of  the  E  H  F  owTertad  into 
kinetio  energy  io  tnuumltliug^cttrreDt. 
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644.  It  is  obviooi  that  «I1  this  is  anothoT  modo  of  traatine  tho 
BUM  prinoiplM  diwuMed  in  the  ohnptor  on  onmnt:  tb«  advao- 
tago  of  going  thus  ftiUy  into  thctn  is  that  w«  an  bronffht  fitoe 
to  fiico  with  nntiirvl  piocesseB.  i  f  in  those  wo  can  clearly  traoo 
out  tb«  actual  working  nf  matter  and  energy  we  have  no  tomp- 
tiitioo  or  need  for  loeing  ourselvcB  in  imaginary  ntiBtractions 
when  wo  have  to  deal  with  currente  in  wires,  when  wc  cannot 
obRorre  the  mechanism,  or  with  E  M  F  genoratod  by  moving  an 
armature  in  a  magnetic  fitvld,  where  also  we  see  no  vtwiblo 
mechanism.  But  in  all  casee  wo  know  that  we  iire  really 
dunling  with  energy  and  with  matter  cupable  of  molecular 
ttOtions ;  common  sense  tetis  us  that  the  same  principles  arc  at 
work  in  the  hidden  mechaniBm  as  in  that  whioh  we  oan  examine. 
They  may  both  he  put  in  one  drouit,  and  we  know  that  the 
fuuctiona  are  similar  and  we  need  hut  the  one  exptauatioo. 

Formutn  teach  nothing,  explain  nothing:  they  only  apply 
knowledge  to  practice. 
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CHAPTER  IX. 


tLKTOaVTSa. 

643.  EieelrolsM  (breaking  dp  hv  el«ctrioitj)  ia  the  tnuui-, 
ntlwiAn  nf  electric  current  thront;h  liquids,  aoconi)MiDio(l  by  dia-l 
mpltuu  of  the  moleculee  ooinpoeinK  the  circuit,  the  ooustitusnt  * 
ndioftls  of  the  molecules  being  set  fr«a  at  the  two  poletl. 

The  pUt««  in  the  oella  are  called  eitetrodet  (^aleetne  wayn): 
tlte  plate  counected  to  the  +  pole  of  the  battery,  the  ooppor  or 
oarboD,  is  the  anode  (way  np,  u  caiTying  the  current  out  of  the 
bftUery);  the  plate  connected  to  the  -  pole  of  the  batt«ry,  the 
sine,  ia  the  eauwde  (downward  way). 

The  liquid  andergoing  deoompoaitioii  ia  the  eUdrolgU.  Tli« 
meleoulea  of  an  electrolyte  brMlt  np  into  two  radioala,  which 
lire  called  imu  (iiidioatinj;  individuAliiy,  and  in  another  acinso 
meaning  going).  Thoee  ions  which  turn  towards  the  anode  ant 
ealleil  aniom» ;  and  those  which  a^ipoar  at  the  oathode  are  oallad 
cations.  The  definition  coinoMW  with  diatiikot  ohonical 
functions,  and  radicals  may  Im  ooBToniently  olaaaedaa 


Abiors. 
EUetro-iteg<it  I'lW* . 
Atid  radicait. 

Oxygen. 

Chlmine. 

SO.. 


CATlOltS. 

Bhdn-peritn«§. 
Ban^oi»  radimit. 

Hydrogen. 

Amaouiam. 

Uetals. 


6a6.  But  such  a  oUsaifioalion  ia  only  a  convenient  apprnxi> 
mation,  like  that  of  oondnctors  and  noD-oond actors,  }  ij.  The 
same  ion  may  belong  at  difforcnt  tigica  to  either  class,  according 
to  the  chemioal  fasotjon  it  fnlGla  in  the  rabetaace  and  the 
consequent  polarity  aanmcd  in  the  circuit  That  ia  to  say, 
they  have  no  »pni/k  aUraetion  to  eitbor  electrode,  and  Uiis 
fact  in  oatnro  olToctunUy  di>t|HMua  of  the  favoorite  hypotliosiit 
that  atooa  powoaa  apecifio  ebargca  of  4-  or  —  electricity,  which 
are  the  canae  of  many  of  their  pioportiea. 

647.  lottt  or  mdiwB  may  no  nngle  atoms  or  compoanda 
acting  as  radicals,  and  thcee  may  even  be  inca^ble  o(  wti^MxOjb 


[648. 

exbteaoe,  as  far  a«  preeeitt  knowleJK^  gws.  UCl  ia  an  cl«ctro- 
lyto  ooiuiioaed  of  two  atome;  in  H^bO,  two  atoms  of  bydixigon 
act  as  two  niouud  ions,  and  the  ooiupouud  radical  SO^  in  the 
eqiiivaleut  dyad  iou,  which  oannot  exi^t  uncombiued,  ao  that 
sulphuric  uotd  is  au  electiolyte  ouly  when  in  preseuce  of  some* 
thitif;  it  can  combine  with,  such  as  water,  altliough  water  itsvlf 
is  not  au  dectloljrt«.  AmmODium  NH,  ia  aUo  a  oompouiid  ion, 
atroDsly  reaeuibliuK  potaasinm  iu  its  properties  ;  it  aUHi  cannot 
exist  f»e,  but  breaks  np  into  HH,,  aminunia,  and  U,  giving  nn 
Ofparmt  exception  to  the  law  of  equivalence  by  pn>duL'iu){  two 
free  snbatanoeB,  each  eqaivalent  to  the  current  prodncitig  th«m, 
S  ^q6  ;  but  aninionia  is  not  realty  a  radical,  fur  Nil,  is  a  onuiiileli} 
molecule  of  the  order  described  S  I J  (i),  and  is  not  capable  of 
replscin);  II  in  salte. 

C48.  We  must  now  enter  upon  a  more  extended  study  of 
ohemical  principle  and  the  etmoture  of  matter,  and  what  is  suid 
here  must  be  regarded  (u  a  cuutinuntion  uf  tlie  etatenieuta  made 
SS  4-I&  But  before  going  into  this,  it  will  bo  a  great  advan- 
tage to  clear  away  certain  theories  or  hypotheses  wbicli  are 
strongly  advocated  by  many  eminent  men  of  science.  This 
subjeut  is  realty  one  of  pure  chimiufry,  which  is  almost  indepen- 
dent of  tliu  luatheiuatical  bondage  to  which  puix)  phytUt  are 
ooiupletely  subject.  But  it  has  been  taken  np  by  physic istst, ' 
and  treated  mathematically.  The  distinction  is  that  tie  chemist 
is  limilfd  tofacU,  his  symbols  mean  only  real  things,  so  that  ha 
can  deal  with  them  as  ihin-j*  in  safety.  Itnt  the  symbols  of  the 
mathematician  need  have  no  relation  to  truth  ;  abstractions  are 
even  better  than  facta,  S  }}°=  ^  hynothceis  or  gaess  has  the 
Bame  importance  as  an  observation:  the  only  value  of  either  is 
to  serve  as  a  wheel  in  the  mechaniitm  ;  the  question  of  moui»nt 
is,  Huw  will  it  work  ?  If  it  worki;,  it  becomes  what  the  cabiiista:^ 
eidleda  "probable  doctrine,"  and  in  n  little  while  probably  anl 
"orthodox"  theory. 

649,  The  reeolt  ia  that  a  certain  set  of  "  notions  **  entraminel 
not  ouly  our  thinkers,  bat  even  our  experimontnlisln.  Tliuy 
start  with  ideas  about  atomic  charges  of  -f  and  —  vlcctricily, 
and  then  get  to  believing  in  atoms  wanderiDK  about  carrying 
these  charges :  they  will  work  out  olaborato  ouenlatiuna,  provo 
anything  Siey  want  to.  show  that  tb«  rniultaagrae  with  oottafn 
facts,  and  therefore  are  proved.  Yet  all  this  wbilo  they  never 
touch  the  fundamental  absnidity  of  tlu)  notion— tliat  if  suehj 
oharges  existed,  and  if  -|-  and  —  oleotrioity  attract  eaob  other, 
these  atoms  could  not  poeaibly  remain  fret;  for  an  inMtant. 
60  stroug  is  this  delusion  that  oven  so  sound  a  tiiinker  and  so 
iioDOBt  an  exjKriueutalist  as  Dr.  0.  Lodgv,  goes  so  far  as  to  say 
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"  in  oertain  OMW  ah  «leotric  oomnt  is  Imown  (his  owd  itoliea) 
to  ooasbt  of  equal  opposite  BtreBma  of  -f-  knd  -  olootricity." 
Now  neither  ho  nor  anyoiM  else  baa,  or  can  give.  Any  ovidvnoe 
whatever  of  this,  «xc«pt  iw  a  dednotion  from  oMumptwiu  the 
ukiunlitj-  of  which  has  just  hesn  cbown. 

650.  la  liko  nionner,  ho  and  many  othorB  freqaently  dedaoe 
reAulta  from  Clerk- Max  well's  snggeatiaaa,  m  a  rcault  of  his 
thMirivif,  that  dieloctries  must  be  traasparent,  and  ooudnotois 
opuqiio.  Thia  is  itself  so  oontrary  to  knuwa  fact  that  it  has 
heeu  foiinil  iieoesnrjr  to  esiend  the  moaning  of  "  trangpareocy  " 
to  iualuJii  the  tnosmitting  of  any  nndulatory  ribrations  (at  all 
eventu,  any  having  the  velocity  of  light).  Now  horw,  in  eleo- 
tmlyidit,  wo  have  a  gnmtdiffioulty  for  tho  tliTOrist«,a»  electro- 
lytes are  nenrlv  all  tmuKparont  to  light,  and  so  onght  not  to  be 
ooiidtietont,  wLilo  uun-eloolroIytM  are  very  ofton  extremely 
uoii-traoBpareDt  or  opaquo^  and  ouKht  to  conduct,  if  only  Nature 
carried  on  her  businuss  on  proper  Maxweltian  priiioiplos. 

Gil.  Bnt  Mr.  .Sholford  Itidwoll,  who  has  Aont  mt  much  good 
worK  in  examining  the  inlluenoo  uf  sfructitrM  0/  tnalUr,  nod  the 
reUtiuns  of  vnerg>'  to  matter,  put  this  to  the  test.  He  tried 
whethtir  "tiiOBo  olectrolytos  whioh  transmit  nuUalion  most 
froi'ly,  are  also  the  worst  oonductoni  ?  "  Ho  says  it  is  "  undoubt- 
edly not  tho  feet"     1  select  a  fonr  examples  of  bis  reiiults. 

SolilioM,  tec  l>Mhtmt»tf. 

Empty  kIosb  oell       looo 

Distilled  water 197 

Zino  auljihate,  (tp.  gr.  I'IJ7     ..      307 

6uli>huric  acid,  ap.  gr.  1  -oji 308 

„  )o  per  cent  t*]); ai6 

^2    „      ..     r6j9 393 

A  glance  »t  the  Table  of  Resistances.  S  5$3.  will  show  tliat 
transiuitteniofundnlatioiiB  nearly  equal — say  distilled  water  197 
and  suti>.  aoid  116 — kavo  conduction  for  eU-vtricily  differing 
many  million  fold.  None  the  less  the  Profeason  will  go  on 
using  that  theory  as  a  fact. 

65a,  TiiK  Dissociation  TiiKoat.— This  is  pawing  in  favonr 
with    the    uatheinatical    physiciate :    it   onginated    in    somau 
raegMtiooa  bv  Williamson  as  to  the  nature  of  solution, 
influence  of  toe  solvent  on  the  substance;  it  was  applied  to^ 
eleotralysiii  by  Clanaius,  adopted  by  U to rk- Maxwell,  worked  at 
by  Kolraiisch,  Arrhenios,  Ostwald,  and  oUiers;  and  Dr.  Lodges 
appears    to    have  a    tendency  to  it,  due  Vt  his    metaphysioalf 
iuoltnatiunsi  and  the  iuHnences  not^l  S  643,  but  not  yet  strong 
enough  to  OTeroouiu  the  resistance  of  his  common  sense. 


653'  I*  '"  iwcrttMl  on  this  thoorr,  which  wc  may  call  "the 
dunco  of  tip  ntoiDB."  tliiit  Ruhstanccs  have  uot  the  defined  ooa- 
Htruction  <>zptninc<t  i  ti;  that  dilute  Eulphnric  acid  docs  not 
cnnBiBt  (if  moldciik'i'  of  wid  and  water  (U^SO,)  and  (FI,0),  but 
tliiit  tliwo  iiro  loeroly  tuinponiry  formatioiiB,  and  their  con- 
Ntituanl  ntniDK  uni  purputuiilly  interchanging  among themse Ives 
like  the  ludicsund^i-ntlcnii-n  in  tlio  Rgnrc  known  as  tbo"  grand 
ohaiii,"  (ir  licttor  Btill.  like  the  gnnta  one  may  see  on  ft  summer 
evening  lljiithing  horu  and  thvrw  and  circling  for  a  moment 
arotiii'l  rueli  dtlictr.  Thin  Ktrangv  tdva  y/sm  inronted  in  order  to 
explain  why  ions  pasit  to  the  two  elvctrtjdoi :  these ftre  imagined 
to  exert  a  force  of  attraction,  each  for  its  oppoeitoly  electrified 
ion,  which  during  its  free  mumenti)  in  this  "  dance  "  je  gradually 
ilrawit  over,  S  6^6.  A  modification  of  th?  theory  supposes  that 
thin  otmdition  uf  tilings  iit  only  ect  up  by  the  forces  exerted  hy 
the  ek-ctrodee. 

6;4.  There  in  not  a  particle  o/eiiidrnce  to  support  thU  theory,  hut 
tliere  ia  an  unlimited  Hiipptv  of  mathomaticiil  cnlciilationii  txuMxl 
upon  miob  dal.a  its  the  (imaginary)  nice  of  lui^leculiM,  tlie 
(imaginary)  -f  and  —  charges  of  olootrioity  upon  the  atorow, 
and  Ui«  forow  thi;sc  might  exert  aooor^ing  to  the  laws  of  static 
olootridtA'. 

The  tpfciHc  veloeity  of  ioju  has  boon  worked  out  upon  those 
dnta  unil  Hhown  to  agree  with  certain  facts  of  oloctrolyitii), 
etiuttlly  exnlainublo  by  sovcral  other  thooriofl,  and  thi»  sort  of 
proof  iM  (s  &4B)  thoroughly  Katisfactory  to  the  mathematical 
mind. 

But  the  chonucal  mind,  trained  perhaps  rather  loo  much  in 
the  opposite  dinx'lion  of  oi^noretohowes,  treats  the  cx^mbination  of 
the  atoms  in  a  molecule  as  a  rigid,  doGnite  union  ;  to  the  chominl 
this  molecular  unity  is  a  true  marriage,  ruth«r  than  the  pro- 
mifiououa  interooursc  of  this  other  theory  (or  at  all  cTunts  as  a 
partnership  fur  tlie  set,  tu  return  to  the  "  dance  "  analosy) :  he 
is  shocked  at  tile  idea  of  any  dissoliitioDof  the  bonds  of  chemical 
aflinity,  except  in  tlie  form  of  a  higher  affinity,  a  stronger  force 
which,  like  death,  hrNikn  tho  original  union  only  because  it 
removes  the  two  )iurLi('s  to  it  t»  new  and  distinct  spheres.  As 
a  cunsctiucnce,  the  dissociation  theory  counts  few,  if  any,  chemists 
among  its  dincnplcs. 

655.  A  rvmitrkablo  instance  of  tha  manner  in  which  thcorista 
will  twist  facts  into  evidfooe,  is  giTcn  by  a  recent  optical 
olwervation.  Lifiuids  vary  jjrv^ally  in  their  power  of  rotation  of 
the  plane  of  polari/alion.  In  most  organic  liquids  it  is  pro- 
|KiTtionnl  to  the  sum  of  that  of  their  constituents,  but  this  is  not 
HO  with  inorganic  Kubstaiicca.    The  calculated  value  for  HCI  is 
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a*  i8  Uii  in  wmo  orgnnic  moItcdIs  it  wan  foiisd  nonr  thnt:  1>»t 
io  wnter  it  Wnm«  4-03  tn  4'4i.  nnd  it  iit  iwitl  th«t  thmo  excop- 
tioDuI  vnlnra  nro  laily  pomnmwccI  by  olcctrolytwi. 

It  ia  oUimoii  th»t  thin  proves  aijiBOCiiatimi :  but  it  alivionBly 
give*  opposing  widen o« :  for  if  the  H  nnd  01  fixisted  lui  ench, 
tlieyoould  ouly  prodaco  their  normal  effeoto,  wliilo  if  they  exist 
AB  HCl  tliia  ohwigo  of  ttnicturo  may  well  rcwuit  in  altered 
aotioM.  Tho  obMirvikti»n,  if  confirmed,  mny  give  ub  insi^^ht 
ioto  th«  tiAture  of  elcolrolytw,  but  it  will  not  support  the  dis- 
aooiatjon  notion. 

656.  If  /ree  *i>n«  an*(  uid  rany  -f-  and  —  ehargei  wliicli  itK 
tbo  caaao  of  their  notionii,  wlinc  keoM  them  Kpart?  (j  £46). 
But  thoM  I0M  nrc  ofonw,  itnd  all  ohcmiiM)  evidetioe,  every 
ehemioal  theory,  show-H  tlwt  aUm*  never  exitt  itotated  ;  they  unite 
into  moleoalo. 

When  gaaeoas  fttoma  or  moleoulea  exist  free  in  a  liquid,  we 
Icnow  MS  A  fiwt  that  tbey  Mcape  from  the  liquid,  ar«  given  off ; 
from  a  solution  of  HOI  in  water,  they  come  off,  but  uot  aa  H  aud 
CI :  theee  atoms  can  be  diMocIat«d,  but  only  on  condition  of  a 
supply  of  energy,  S  585.    The  theorista  say  lliat  they  do  not 
leave  the  liquid, 'becaiue  tbcy  cunuot  form  moleoulwuf  the  ga«e», 
as  Itll  the  atoma  of  H  arc  charged  -}-  und  all  of  CI  —  .     But  how 
ia  it  that  the  ordinary  (^aaaciua  moleoulea,  B  H,  or  CI  01  exitit  at 
other  tiuti« ;  the  theory  itself  requires  that  these  atoms  are      _ 
specifiually  cJiarged  H  +  H  +,  CI  —  CI  — ;  these  charges  are  parfc^M 
of  their  nalnre,  they  are  the  reasons,  aooordinf;  to  the  theory^^f 
itself,  why   they  can   form  (H  +  -  CI)  HCl,  and  really   wo 
cannot  imagine  that  thi-«o  churseii  aud  fori.-es  only  exiat  juat 
when  tbey  are  conyeiiient  for  a  theory. 

Ah  a  fact,  diaaooiation  doee  ooour,  nuder  reoogiiixed  oou- 
ditiona  :  if  a  salt  coutaiuing  a  volatile  component,  say  ammouia 
sulphate,  is  heated  in  eolutiou,  the  volatile  component  will 
escape — not  as  ion*,  but  as  molecnlea;  ammonia  will  be  thus 
(pvenoffaiid  the  solution  beoomeaoid:  bat  here  the  required 
energy  is  supplied  as  in  j  J03. 

£57.  The  ihviiy  is  oppoeeii  to  iht  knoien /acts  0/  therrno-themulrg, 
fully  studied  in  Chapter  VIII.  on  EltfClromotive  force.  If  a 
body  has  beeu  formed,  say  HCl,  it  lost  energy  in  the  formation, 
and  cannot  be  broken  up  into  ita  atoms  luileea  that  energy  ia 
snpplied.  The  interohange  of  the  atoma  themselves  cannot 
account  for  thia  energy  wAff«  no  exttnal  force  oj)«ra(ef:  it  ran 
do  so  when  a  new  lorce  acta  upon  the  atoiaa,  }  £96.  If 
(H  +  -  01)  (H  +  -  01}  onoe  exist  as  molecules  due  to  the 
foroe  of  +  —  at  atomic  dutanoes,  what  is  to  separate  them  ? 

6j6.   Febeftjp  of  n>m. — ^The  theorists  endeavour  to  cnwcoimM 


some  of  tlic  difliciilttcM  hy  aBsumiiig  that  totu  have  each  a  tpteilie 
vetofity  of  motion,  simiUir  to  thut  rccogDi«od  in  the  prooees  ol 
diffusion  in  liqiiide  aii'l  gnsoB.  Koliaiuch  has  calculated 
out  th wo  values.    He  gives,  ioceDtinietrcH  per  sooond,  for  oortaia 

oonilitions: — 
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Or.  Loclgc  oarriod  out  eome  ttdmirable  experiments,  which  he 
rend  to  the  B.A.iti  tS94iand  by  theaidof  "siiiUibio  liypothesee" 
Huccvuded  in  making  them  agree  fairly  with  the  figures  of 
Kulnnwh. 

6;9.  Migration  of  iow. — This  really  means  the  orrival  of  tho 
aepurutod  subiitanoea  at  tho  olcctrodos,  and  what  Dr.  Lodge 
really  oxpcriinent«*l  upon  was  tho  rotative  lates  at  which  tho 
prvMuico  of  the  two  railicidH  woa  manife§ted  in  long  tulws  oon- 
Doctiiig  tlio  two  electrode  vewuU.  This  ii  a  real  fart,  but  th« 
namu  in  itself  a  delusion  and  a  snaro,  Ike  ions  do  nvt  migrate  at 
all,  S  G92. 

Tho  fact  is  a  complex  one :  ordinary  eDduBmose,  S  104,  t«nds 
to  mix  the  liquids;  electric  endoBmose  curries  liquid  nith  l\a 
current ;  ths  molecular  volume  of  the  new  prodncts  diilbrH  from 
tho  original  volume;  the  relative  solubilities  and  asiKiciatcd 
wator,  f  J}}  are  altered;  but,  after  all,  tho  movement  expcri- 
inentod  on,  the  result  of  all  these,  is  the  transfer,  not  0/  ioiu,  bat 
of  moleculet :  and  these  contain  the  two  opposing  and  combined 
ionflL 

€60.  Dot!!  the  golrent  lake  part  in  conduction,  or  is  the  salt  tha 
solo  agent  ?  This  is  one  of  the  questions  which  Dr.  Dodge  put 
to  his  experiment*,  and  the  assumption  that  tealer  carrift  part  of 
the  enmnt  was  an  important  means  of  making  tbMries  and  facts 
agree;  thorcforo  it  is  only  just  lo  him  and  important  to  stadoDts 
of  his  expurioivuts,  to  say  that  at  a  later  date  ho  admitted  tlmt 
this  amumptioD  is  scarcely  justifiable. 

Seimtijia  honvtly  prohibit*  (Ae  idea.  It  is  well  known  tiiat  pure 
water  is  almost  a  perfect  insulator.  %  70S.  Thvrvfuro  wo  liavo 
no  right  to  suppose  that  water,  a*  eueJt,  oonduots,  mcruly  boOaUDO 
a  reu  oooductor  is  dissolved  in  it. 

661.  The  ttrength  of  a  tolution  modifies  its  conductance.  We 
may  oonsidcr  that  (t)  tliis  is  tantamount  to  the  aoctional  area  of 
wires ;  a  question  of  actual  quantity  of  available  conductor:  or 
(i)  that  the  xult  is  alteiod  in  sature  by  the  preeenoe  of  diffcrvnt 
ratioe  of  wutor. 
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TA«  bulk  of  limiii  ^otmnQt  roprwctit  thoconilnoUir  um  in  wirw; 
DOT  duoe  the  ul<l  "  oliiiin  "  of  tirotchua,  KeDormlly  adopted  and 
naad  in  thi«  work  us  tho  "polar  chun,  j  4$;,  folly  Moonnt 
(or  the  subaidivy  yhgtieal  cttccte ;  bnt  it  po^f<^ct1y  aatiafiM  th« 
ol«ctrical  and  cMmicnl  probloiiui,  and  for  thiit  raason,  and  ita 
dwtmcas,  will  be  used  to  oipUin  tho  pr'jciwx  ul'  iiluutroljaia. 
Bat  an  onlurgtd  cuiicviption  mfty  be  fonned  wliiuti  >l»i-s  patisfy 
nil  nooda. 

663.  I%«tiAcenlma]itnleriiuicUsciTo\yU).  It  iHiilii>«-nf  ;;j  that 
tbon  W  good  reaaona  to  bvliuvo  that  Kolntion  is  not  u  mvro 
liMohanicsf  iDixtnro,  bat  of  tliu  iiuturv  of  chcmicHl  uniun,  i.  o.  of 
tbu  formation  of  niulecal««  moro  coniulux  than  in  xhown  by  tho 
cbffBiicuI  aymbola  employed.  Now,  if  w«  adopt  lliis  view,  am) 
o»«cv)vu  tbat  ouo  or  motxi  ntoluuHli-K  of  wutnr  ciitor  the  molccalo 
of  tho  suit,  wo  got  an  oxplaiiation  which  covun  all  lliu  facts, 
vlvutHcal,  chonucal  and  pfijaii.'al,  williotil  having  to  iovtrnt  any 
a  priori  hj'potlioais.  Wo  know  that  tliiii  duea  uoour  iu  eiyalala  : 
wu  call  nulpliuto  of  ooppor  CiifiOt.  but  wo  kuow  tliat  tho  oijratnl 
really  ia  (CiiSOi.UiO,  4  aijua) ;  thai  i»,  it  oonlaiiut  4  atoma  of 
wat£r  of  orjHtalli/ation,  caitily  driv«n  off  at  a  low  tvmperaturv, 
and  I  atom  of  oonstitutional  wator,  i«iuovabl«  only  by  a  cod- 
aidofublo  tu'iit.  Sul))huri«  acid  alao  forma  doltnite  hydntaa,  thus 
H^O„H,0  wlidilica  at  8"  Cent 

66j.  Vvo  :uny  jiiatly  oonoeiro  that  tbcae  hydratm  osiit  in 
■olntion,  and  that  tho  tntc  oloc-trolyto,  for  inatauov  with  »ulphato 
of  oopjMr,  is  not  CitSO,,  but  CuSO,H,0.  Aa  wo  know  that 
ezeeai  of  wat^^r  dues  tnivol  with  tho  ooppor,  we  may  now  oon- 
oeive  that  thu  iuna  are  not  nicrolyCo  —  bO,,  but  Cufl,0  —  SOj, 
the  water  carried  witli  tiiv  fopjier  in  a  alato  of  looae  iinioa, 
whiob  broaka  up  at  tlio  eU'ctitxli.-. 

Wo  may  now  replooe  tho  lusuid  polar  uhatna  S  46^  thus, 
ehowing  tba  action  in  the  lic^uida  of  a  Doniell  ooll,  as  a  tjrpioal 
oase  of  aloctroljais. 


Zn  Zn    SO,  H,  SO,  H,  SO,  Cu  SO,  Cu  Cn  Cu 
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It  may  bo  Uioiight,  at  first  sight,  that  that  w  the  same  tiling 
aa  aaying  the  wator  oamac  luilT  tho  ourrvut;  but  it  ia  not  ao, 
bootutio  the  now  toolooulo  traasiiuta  onlv  one  unit  of  carrant, 
doHucd  mloly  by  tho  metal  aut  free.    Tno  water  is  in  a  some 


carried  over  mocbanically  and  chomJcally,  hnt  not  «1octricRlly : 
eleotricaUy  tn-o  iuna  only  are  affooted.  Tbia  idea  ooren  tlbd 
liioto  of  elietrie  endomaotf:. 

66i.  What  is  ah  Elkctholytk ?  In  tie  first  pisoe  it  is  a 
tiquid,  either  by  solution  or  fusion ;  somo  sulphiacB  ar«  said 
to  undergo  eloctrol)  mib  while  aolid,  but  tLiB  is  aoiibtful.  It  is 
a  liquid  which  c^nHurtt  ckclricSly :  as  Dr.  Lodge  mys  of  liquid*, 
"  if  it  doe*  not  oonduct  at  all,  it  ik  a  dickctrio  |iuro  and  nmpte," 
and  dieloctrica  am  mibBtanoaii  wliioh  do  not  ooudaot  cumnt,  but 
do  ondnro  ttrcn  f-r  eleotrio  cliarge.  It  iH  uot  abwolutelv  true 
tbnt  any  nolid  dieleotrio  has  no  oouduotaooe  vxoept  when  it 
hrcaka  down.  It  is  aonepted  rta  a  Dattiml  fact  that  lianida 
ciinnut  oondiict  at  all  iinltws  by  tJ  ec  truly  si  b  ;  it  ih  douDtful 
whether  tbia  ik  an  ubeoltite  trutli,  but  it  is  truu  jiracficoKy  ,*  oil 
ai)nareDt  exceptions  wticu  fully  examined  liM^iine  elootrolytic, 
ana  th^rotoTe  wo  may  aooept  Uiis  as  a  truth.  But  further, 
electroIytvM  aru  Uipiida  itkieh  conduct  deelricily,  bal  imly  tchon  a 
nucifEc  E  M  F  it  applied.  But  the  ditttiuguinbiuK  fi^tturo  of 
eleotrolyten  in  that  theg  break  up  into  lino  eonttitaaila,  <me  of  irAicA 
appeart  at  eiich  eUclnide. 

A  true  electrolyte  ctm»i*l*  0/  a  pair  of  ra^caU  (lonit)  which  are 
neparatfd  by  an  i^rrtTtc  currrnt  mbime  voltage,  al  the  eteetrodct,  H 
equlmlcnt  to  Ihn  chemical  a^inUj/  of  Hie  mibtlanee,  j  706. 

£6;.  All  tlccfroli/tet  are  alto  dielectricttutf.ffirAii  voltagM  he-low 
thi*  Rpccifio  value.  Tb»  deooiupoaition  ocll  is  also  a  conduuiwr. 
They  do  not  obey  Obu'a  law  if  this  ia  left  out  of  oontii deration 
and  only  the  reiiistftuco  of  the  cell  is  need  in  the  formula.  Fig. 
^8,  p.  250  explains  Ihia  fully  :  the  ttcUon  &t  the  electrode  conaiata 
in  realurini;  the  aprnfio  euergy  ta  the  freed  subtitancvB,  and  thia 
ineaim  iiinl  a  deliuite  voltage  ia  retiaDsfornied  into  voltauce, 

8  559- 

Dr.  Lodge  make*  thia  diMtinotion,  "  whereoa  in  an  electrolyte 
tliu  BtTe«a  is  lliruwu  npon  a  pair  of  thin  films,  the  bulk  of  the 
medium  heiug  ati  quieaceut  and  unstrained  as  a  uietnl,  in  a  di- 
eleotrio the  stress  extends  throuf;hout  the  medinm,  sloping 
steadily  from  anode  to  cathode."  It  may  bo  doubted  whether 
this  is  the  oaae ;  whether  etreMOs  exactly  analoKous  do  not  oxiHt 
in  botli oases;  nnallintheelectrolyte  tbey may  do unobmrvable, 
while  they  ate  great  in  the  diolcctrio  just  in  ratio  of  the  volteges 
employed. 

The  "  thin  films "  are  the  molecules  in  contact  with  tho 
electrodes,  and  to  compare  the  conditions  we  must  eliminate 
these  by  allowing  for  the  ahaarbed  voltage,  which  has  no 
parallel  in  the  dielectric  We  can  render  tho  conditions  nearly 
similar,  except  that  we  can  do  so  only  with  very  low  voltages. 
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by  eliminulin)^  tlitu  action  ftt  the  eloctiodes;  we  do  this  wheji 
\ro  vli^c-trolyMo  cHippor  aolphate  botweeu  oopper  electrode§. 

666.  ^eetrolgtea  abag  Ohm'a  lait  in  the  cironit  betn'e«Q  the 
slootrodcs :  the  ume  formulae  relate  to  E,  B,  and  C.  Subject  to 
mnarlcM  j  66i,  the  Baiue  laws  of  dimensiona  apply  as  in  wires. 

They  develop  htat  on  4h«  tama  tatet  aa  mtlaU,  though  the  effeot 
of  bent «»  thuir  oondaotanoe  is  oppoeite. 

They  exert  magnetic  aetionB  within  themaelres  and  around  the 
circuit,  etoutly  aa  wires  do ;  an  indiarahber  or  glaas  tube  filled 
witti  an  electrolyte  act«  precisely  as  a  wire  does. 

Induced  eurrmit  can  be  produced  in  such  a  conductor. 

667.  ISectroti/tie  eondudton  ia,  in  fact,  utterly  iudtiitinniiflhabte 
ftotn  metallic  oonduotiou,  except  for  the  action  at  tho  ebotrodea, 
which  ia  nut  pari  of  true  conduction  at  all ;  therefore,  aa  we  are 
compelled  to  reco)|piise  molecular  motions  and  molecular  rotalitms 
in  eleolrolytes,  they  support  tho  idea  that  these  are  in  all  canea 
the  mechaniam  of  electric  current,  H  may  be.  however,  that 
there  Is  this  distinction,  duo  possibly  to  the  essential  diflTeretices 
of  BoUda  and  liquids,  that  while  in  etectrolyttrs  the  real  chemical 
moleoulea  are  the  uents,  in  motala  these  may  be  grouped  into 
larger  aggrentu  wiuch  can  act  more  meohanuaUy  than  chemi- 
c»l^'.  But  uis  a  mere  aufigeetiTe  hypotheaia,  and  we  mny  now 
i^tuTD  to  ohemloal  piiuoiplea  and  facta  aa  to  the  etruuture  uud 
functions  of  niatter. 

668.  We  must  now  conceivo  of  substances  as  oouaistine  of 
inoleonlea  built  up  of  two  parts,  which  are  oalled  radieou  in 
ohemiatry  and  iVms  in  Faraday's  electrical  nomenoUtnre,  $  64;. 
Eleotrolytee  are  in  (act,  substances  belon^ng  to  the  molecular 
type,  f  11,  Fie.  4,  and  are  simple  binary  structures. 

The  two  radicals  are  held  together  in  a  twofold  manner— 

(l)  By  the  valency  of  the  radicals  themselves,  S  6.  Thiti 
oonstitutM  the  several  classes  of  monobasic,  bibasic  acids,  too. 

(i)  By  tho  specific  energy  of  the  individual  snbstance. 

Each  of  those  has  a  distinct  electrical  relation.  Tho  first 
govems  "  qusnlity,"  and  constitntes  what  has  been  called  the 
"  equivalent  of  electricity."  The  second  governs  the  E  M  F 
generated  or  neoeBnatT  to  enable  the  current  to  pass  when 
aeoompoeition  has  to  be  oSected,  and  has  been  fully  studied  in 
Chapter  VIII. 

Let  us,  then,  typify  tho  molecules  as  oonsistiug  of  two  parts 
huld  together  by  spiral  springs:  the  nuviber  of  the  springs 
oOTTe«ponding  to  tho  vulvm^y  of  the  radicals,  and  tho  sircnylh 
of  the  RpringM  corrmpimdin^  to  the  apocifia  energy  of  the  par- 
ticular oompound.  Wo  shall  thua  got  Fig.  67.  whero  typo  1 
repreaenta  the  union  of  monad  atoms,  tuch  as  silver  Ag.  Ag., 


Kt^nntoLTsts.  [669. 

hydrocliloric  w'nl  HO,  oominoti  i«]t  NuCl.  Tyjio  1  ropr«6e»te 
metallic  ooppc-r,  zino,  tco.,  und  Bulphftteti  of  tbtjoo  metaU,  CuSO|, 
ZiiSO,.  By  ri-gurding  tho-(- radical  as  composed  of  two  distiDot 
motiaaH  I  647,  ns  in  ia,  it  ruprwents  tho  Riilph&te  of  aodium 
Na.S04,  Halphurio  acid  ILSO..  nnd  ooTToepon^ng  8ti)Mtani><8  ; 
or  by  rognrding  tlio  —  nidio«l  tut  Kimilnrly  divided,  it  indudcs 
th«  ohloridoB  and  nitratoa  of  dyad  mvtAlii,  m  sino  chloride 

rig.  07. 
1  S  3  4  H 

In)  te  te  1°  I   I 

^nOlg.  The  Bprini^e,  or  vatencieii.  are  tho  bonds  of  $  72$  ;  they 
may  picture  the  path  of  ono  unit  of  current,  tho  oqiiivalorit 
polar  chain  and  other  conceptions,  and  they  bring  ue  bikc.k  to 
the  equivalent  notation  of  chtiniistiy  j  16  (1),  v-hicb  accords 
thorou);hly  with  the  facta  of  eloctricity,  while  tliu  modem 
atomic  syetein,  whatever  itii  ohominil  merits,  oumplctely  gbwuies 
them,  as  shown  $  639,  unless  we  clearly  trace  out  the  nlations 
of  "  valency." 

669.  The  atomic  notation  of  ohomiBtrj*  is  based,  not  only  on 
the  faottt  of  chemical  combination,  bat  also  on  tbc  relation  of 
different  eubfttanooa  t«  the  foima  of  crystulliKation,  and  to  the 
properties  of  isomerio  and  isoraorphotis  bodic«  ;  and  this  view  of 
the  constitution  of  matter  alra  oorers  the  factit  of  elootrolTna. 
It  bestows  upon  the  atoms  diRbrent  combining  powers,  as  tnese 
can  combine  with,  or  replace,  ono  or  more  atoms  of  hydrogen. 
This  property  is  called  the  valency  of  the  atom.  But  the  atoms 
are  not  only  capable  of  enterine  into  union  singly  as  I'ona,  but 
two  (or  more)  of  the  atoms  of  Uie  same  olemout  can  first  unite 
(in  which  case  they  UNUally  condense  a  {Portion  of  their  com- 
bining powei-s)  and  constitute  a  fresh  ion  or  roilicJil,  having  its 
own  proper  valency.  The  thcoroliool  explanation  uftlii*,  known 
as  the  aoctrinc  of  "atomicity,"  iH  given  In  S  9,  but  it  is  un- 
necesMry  to  enter  into  the  subject  of  "atomicity,"  or  t^i  ouuaider 
whether  that  doctrine  is  true  or  wholly  imaginary,  or  a  partial 
oonoeption  whicli  may  hereafter  develop  into  a  more  i>erfeot 
theory  br  aid  of  the  rciVL-lationa  of  the  epeotroacuite.  ^^'but  we 
have  to  io  with  m  (tie  /act  that  the  several  weightN  eallod  uiidi-r 
this  new  system  tho  alamie  weigbte,  do  represent  in  combination 
ohemioally,  one,  tn-o,  three,  or  more  atoms  of  hydrogen.  Again, 
it  is  >  fact  that  moleculee  do  exist  which,  in  the  gaseous  atjite, 
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coiiiaiii  tie  deiuentd  in  these  ratios  by  volnme;  thua  HCU 
hyilroclJoric  ftcid,  UjO  water,  H,N  ammouio,  enoh  contain  Iheso 
Klative  vottinw*  of  II  f<ir  one  volnme  of  the  other  gde:  when 
oombined  they,  eveiy  one  of  tbem,  occupy  two  volumes,  the 
same  vol uruLs  that  ia,  as  the  noleoitte  of  nydrog«n  UII,  iui<l 
these  uolecnlnr  volutueti  bold,  all  alike,  tl>e  same  relation  to 
enerey,  for  they  expand  eqnallj'  for  eqoal  heats  and  preefinres, 
at  aO  events  within  the  rftUf^o  of  neual  eipprienoe* 

670.  Therefore  Valmry  is  the  gatwiu  «Jiiiii#  etmtbininy  raUo  of 
hydrogen,  or  of  other  elements,  to  the  unit  volume  of  hydrosen, 
but  eiteuded  by  ii]dti«ot  calcniatious  to  those  dements  wnoM 
gascona  volnme  oantiot  be  directly  mesBurod.  The  otonie  wwght 
is  the  weight  of  a  unit  volume  of  the  elements  in  the  gaaeoiH 
Gonditioti,  comjtared  to  that  of  bvdrogen  a»  nnity. 

671.  Thia  doea  not  imply  of  neccsHiiy  that  Ihrae  alonu  om  lk« 
tiUimale  WtfM«nfx  of  the  ttrutture  of  matier.  oven  if  they  nctnnlly 
oxifit,  and  are  not  merely  the  coiivenieut  crofttic>n  of  chemists: 
there  is  no  conceivable  objection  to  regarding  thoni  m  *'  concre- 
tions "  compceed  of  so  many  oqnivajents  of  their  oomponent 
element  na  Uiey  possess  valencies,  for  it  is  ccrtflin  them  enniva- 
lenls  exist  and  have  their  deJinit«  fitnctioD.  Going  beyond  this, 
there  is  nothing  to  limit  na  in  imagining  that  even  these  ele- 
mentary equivalents  are  complex  bodies ;  bnt  these  imajpniogs 
carry  us  into  the  field  of  nietaphyaice,  and  have  no  place  in  real 
•oicntific  investi^tion. 

671.  Ab  modern  science  accepts  the  doctrine  that  heat  is  a 
"  mode  of  motion,"  and  as  motiun  implies  space  to  move  in'it  is 
obvious  (hat  there  must  be  a  relation  between  heat  and  the 
noce  occupied  by  the  moving  particlce;  heat  being  only  one 
form  of  enersy,  w  readily  extend  this  relation  to  eucrgy  in  all 
its  fenns,  and  therefore,  we  can  see  that  there  ia  in  nature  an 
oxaot  relation  among  the  woighlK  of  the  atoms  of  matter,  tiie 
^CM  they  move  in,  and  the  energy  th^  absorb,  that  is  to  say 
Dotweon  the  atomic  weights,  moleonlar  volumes,  and  intrinsic 
•nergic*  of  snfastancos.  We  can  ano  that  if,  by  the  agency  <^ 
■norgy,  atcms  arc  mode  to  occnpy  a  diflurtTDl  space  from  that 
oonmoo  to  them,  thoy  must  havu  now  proporliw ;  that  is  to 
say,  under  altered  conditions  of  emirgy,  thii  ta!tnty  (which  is  a 
function  of  volume  an*)  energy)  will  bo  alttiTcd  ;  ns  a  coDsaqneoce 
wo  can  oonooivG  of  the  cnstcnoe  of  twi>  or  acvcral  compound 
■nbetanooB  containing  tlio  same  elemenls  and  in  exactly  tlie 

*  Tli*r*  it  ntoo  U>  dooU  whdbtr  th*  aoctiMd  Wwt  ot  PMit,  Dulnn^,  Uarriott 
and  Aregtin  ftra  ibtduulf  Imt  wrar  gr—l  nniu  of  itBtprniltm.  All  tbii 
jiutlii«  tb>  MIef  IbM  thn*  "atomic  BaighU"  do  ivyreRnt  lomc  rul  fivt  lu 
Ihe  ilrnclan  vf  malUr,  and  In  chamloil  nUtioiu. 


same  proportions,  but,  owing  to  differenoes  of  intrinsic  energy, 
haviuc;  verj'  different  chemioal  pro[>eities,  and  belonging  to 
entirely  different  molecular  types.  Thtt  may  explain  "iso- 
meriam  "  (eq}ia\  QteMures  of  tne  same  eJemente  iu  difiWent 
oomiJoumU). "  allotropy  "(differeot  fonnsof  the  same  substAnoe), 
as  due  to  different  specific  energiee,  and  also  probably  a  different 
number  of  atoms  entering  into  the  moleoulos.  which  have  oon- 
eeqnently  different  physiosl  properties.  Carbon,  sulphur,  and 
phosphorus  are  well-known  substanoes  taldnf;  different  forma, 
Bud  ozone  0,  i"  a  moililied  molecule  of  oxygen,  containing  three 
atoma  of  0  instdnd  of  two,  condensed  to  the  normal  twofold 
molecular  volume. 

673.  Bermliua's  eloctro-chomical  theory  which  long  ruled 
chemistry,  neciimo'l  that  oacli  element  posMseed,  as  part  of  its 
constitution,  n  definite  quantity  of  positive  or  ncgativo  elco 
tricity,  which  not  up  tho  ehemicnl  attractions  botwoon  them, 
that  they  united  into  mid  and  basic  radicals,  the  attraotiona  ot 
which  for  wich  other  wore  duo  to  the  etoeos  of  -^  or  —  electricity 
not  ncutmli/i'd  in  the  primary  not  of  combination.  This  theory 
implies  that  different  Mibstanoes  poeeeNi  different  quantiliM  of 
el^vtricHg,  which  an?  the  cnuses  of  the  varying  dagTues  of 
affinity :  it  differs  in  this  rewect  ftvim  the  similar  modom 
theory,  $S  £49,  6;6,  and  this  doBsitloaUon  of  olectro^poaitivoa 
and  negfttivx*  witli  their  degrees  of  cbarcp  resoroMw  ralJier 
the  gradation  of  speoiGc  energy,  S  585.  llemholtB,  however, 
ndopts  the  idea  tli«t  each  atom  ban  itx  spceilic  nltraoUon  for 
clootrioity. 

674.  But  Faraday  distinctly  jiroved  that  there  is  a  relation 
based  u(ion  the  equivalent  oonMtitulitm  of  matter.  Thiut,  if  a 
cell  ia  set  up,  basud  upon  xinc  dtsptaoiiig  silver  from  its  nitrate, 
a  definite  quantitative  result  will  Iw  effected  by  tiie  ourrent ;  if 
piuwed  into  a  copper  solution,  it  will  reduce  a  definite  quantity 
of  copper,  in  the  ratio  of  the  old  oi|nival6nts  of  tlie  metala. 
But  copper  will  precipitate  stiver,  though  with  lenn  furoe  than 
zinc  does ;  if,  then,  copper  ia  used  with  a  silver  salt,  a  current 
will  he  set  up,  and  thu  ourrent  also  will,  for  llie  108  giains  of 
silver  in  the  tiattery,  deposit  ]i  '7^  of  copper  in  the  cell.  Again, 
inni  will  thrown  down  the  copper,  and  sine  the  iron ;  in  each 
ouse  a  lower  aflinity  at  work  in  the  bnltcry  produoo*  exactly 
equal  reduction  in  the  col),  though  tjikine  a  longer  time  to 
effect  it.  But,  again,  if  wo  place  in  a  sones,  colls  containing 
different  claasos  of  molecules,  and  pans  a  current  through  all — 
such  as  salts  of  silver,  copper,  and  iron— thu  samecurront  pniwa 
through  them,  and  deposits  in  each  cell  its  metal  in  the  order 
of  its  equivalent    Therefore  Farwlay  said  that  every  molecule, 
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DO  matter  what  tito  cboiDtctil  iiflinity  witliiu  it,  K^iitiiroH  or  givos 
up  thv  tame  iiuaalili/  (•/ «l«irieiig,  und  tbia  ia  Lilw  IV.,  $  68]. 

673.  TTuw  Hhiill  WIS  rocoDoU«  Ummo  two  oonflioliiig  views,  for 
botli  (if  thi'iD  Aro  buod  od  tnidis?  Ou«ful  consittontioD  of  tho 
fauU  will  nhow  xt»  tbnt  Bontoliu*  baoud  biit  idc-M  upon  the  oon- 
ttitK>:ix  Mit  lip  hy  "intrinsic  ea&tgy,"  whito  FiirutUy'if  [nw 
txUKnl  npuii  the  "vnlcnoy"  of  fttonut  aud  nulitulii,  luid  COQ- 
HMiiimitly  iipoD  tlia  oonrtmctum  of  luoleoulea. 

XVhi'n  wo  MM  tliAt  «l(U!tri<sity  Im  oniinectdd  tu  tbo  inolooular 
ooiiHtitiitioii  uf  multvr,  tiiikt  it  oiui  be  tntiminittiMl  or  miMUtared 
on/y  6y  tnofiofu  of  ihe  tnolf<uleii  Ininitiuittod  alung  a  du£jiib>  ohaia 
tiy  tbo  ii(.'ti'>n  of  iixtu  molt^oulo  iifxtii  anolbAr,  wo  »ob  th*t  there 
muHt  \>v  4>  rvliktion  to  tho  nutnber  of  ihoIl-ouIw  isoTod  or  broken 
ap,  which  rolntion  wo  may  oslt  a  mumtity  or  na  e^imlmt  of 
«]e<)tri(iiiy,  utd  no  tuko  pruntuttun  of  Faraday's  lubount, 

WbcD  wo  loarn  tlint  energy  ia  au  iutegral  part  of  th« 
moleoulM  of  mutUir ;  tbiit  tbo  oompouent  utoma  an  tuoriug  at 
defiiiite  nXv*,  ah  tho  HpcctroHCotiu  showti,  aud  that  oheinioal  oum- 
binatiou  effMitN  a  it-duL-tiuii  of  tltat  uutiuu,  aud  its  raleMO  u 
ext«rual  bout,  or  oa  Diotton  aloug  a  liue  of  polarized  molecnlw 
io  electrioity,  wo  »oo  why  o»ch  Kuob  uotioii  mtut  giro  ap  a 
definite  aiDoant  of  ctiorgy,  aud  why,  ncuurdiiig  to  iut  araouDt, 
tbo  nii}t<!Oiilar  motioD  it  sots  up  (tho  "  iiiiunlity  ")  iJiiili  be  bIow 
or  raptil,  and  (k/o  HtrwM  not  up  K'''<ot  "r  small  in  the  nitio  of  tlie 
d>enai<ial  affinities  at  work.  Hi^ri',  then,  wi;  Liku  pnsneaiiion  of 
BeKAtitui'H  liilHium,  and  connect  llm  two  oonftictttig  theurieit  into 
a  more  geneni  ooiicoption,  whiuh  ih  tliu  one  work^  out  io  theso 
pana,  too  mi^ocular  theory  of  olcctriuity. 

6^6.  Wo  ean  now  give  to  Faruday'a  "  ciuautity,"  or  "  oquivalent 
of  eieotricity,"  a  dofmito  raluo  aoooidaut  with  the  cbiimical  uuit* 
sUtutiuD  vf  itiatt«r  and  modem  c^eiuioul  viowa,  viz. : — 

Atomic  weight  ^  ^i^^^^  oqaivalont. 
Valency 

It  in  that  action  which  rolooMwi  one  univalent  radical,  el^mon* 
tarjr  or  compoutid ;  that  i*  tt>  say,  it  pniwen  iiluiig  one  of  tho 
linka  by  wbioh  moloculM  aro  ocmKtitutvd,  an  reprenentod  in 
Fig.  6^,  I  658 ;  it  also  osorta  a  dtfiiiitc  niaguetio  effect  by  ita 
inoitctivfi  action  upon  th«  itructnrfl  of  nurrxmnding  Aubtliuiova. 
This  unit  of  electricity,  mvanired  nn  a  grain  »ytiteui,  is  that 
used  ill  this  work,  tix.  tho  equivalent  of  oaegiaiu  of  hydrogen. 
Kuch  tnoleculv  of  tbo  modom  ayttem,  thereforcs  aota  in  th*! 
eloctiiu  oircitit  a«  though  it  were  mo  many  real  uoleoules  m 
tepreeent  tho  "  valency  "  of   the  two  radicals  or  iona  ^Sl^a 
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which  it  breftlcii  up.  How  or  wby  thi«  rvlntiou  vxiMt*  uiir 
proaont  knonrlodge  aoeH  nut  cmtblc  uh  to  Gx[ilitiD,  tmt  tli«t  Uiift 
IS  tho  troo  rotation  of  ulcctridty  id  niuttiir  i«  oQrtain,  for  thiH 
law  0OTQT8  ftll  tho  known  fiuitii,  all  tlio  cxciqilioiiH  tu  tho  oummon 
acoapt«d  luwHof  vleotrtilyKin  (S  68j);  but  we  can  kuo  that  it  In 
prububljr  coni>«otod  with  tho  unit  utoinio  KimoouM  rvliition  of 
matter  nnd  MMTgj,  exteudvd  into  all  otbor  iiTiyxIctkl  iionditlonn. 

677.  Hilt  olvoiroljlOM  haw  aniitlxir  niiiition  to  vk-clricitj 
bostdofl  tbat  of  ourrunt  (.sjuivalcnt.  An  cliMtrolj'to,  Kfttitiii; 
fr«e  its  two  rodioalit,  rtiiuiriMi  '•  ddinitti  fLin.-!,!  t^xortud  uiwn  it, 
Tnriiiblt,  uul  by  oIomi  r,  but  with  evi-ry  Bubntancv  aocoming  to 
the  Htrength  of  the  cbvniicul  iiffinity  of  tbe  two  iunti. 

If  wu  But  ujiftbattury  uiid  tt  (tertuin  rvHistaiK:*!,  a  given  curmtit 
will  pusH ;  extra  reaiNtAix.'u  will  diiuiitislt  tbu  ourrenl,  but  i\o 
iiuiuuut  of  resintunoe  will  ijuitv  iit«|i  it :  but  itn  oloolndytv  will 
d<j  su,  and  a  current  which  can  trnvenifi  one  elootrolyte  will  hv 
wholly  BUij)pod  by  another. 

If  wn  uite  on  G  M  F  wbioh  will  juKt  poM  current  through 
ioilidu  of  jiotttuium, and  th«n  substitute  for  thiA  dilute  solphurio 
noid,  no  (iluct.rulytio  aDrrent  will  powt  at  all  1  ihts  do(»^iii position 
cell  iH  not  a  more  reu»tanco,  but  a  ooanttr  thclrauwlivc /or<x. 

This  only  illuittrttt«wi  tb»  fundumontal  law  of  Naturi;  that 
aotion  uid  rcantion  are  tqual.  If  wv  pull  on  a  rupu  fixud  to  u 
jHNit,  tbft  post  resists  uh,  and  thu  i>trai:i  on  the  ri>pi'  at  tliu  pout 
exactly  equals  that  at  the  utlitir  uiid ;  Hpriiig  butunfiw  at  tho 
two  iHiiuU  would  show  the  same  pull  iu  opponite  directions. 
80,  when  fhemical  alHuity  is  exerted  iti  fti>mbiimli"n,  it  sotit  up 
nn  £  M  F  iu  one  direotiou,  a  stress  ou  tht-  polar  diaiu  :  if  do- 
outnpositioii  occurs,  the  radicals  set  fr<-e  ulworb  an  miuivalcnt 
energy.  Mid  act  as  au  E  M  [■'  iti  tbu  oppuiiit<j  polar  diruutiou, 
tlini.  IS,  as  a  —  EM  F.  Th«r«fore  it  in  that  to  vQi^ct  dooom- 
iiuHition  attainst  any  cbouiiual  alSuiu-,  tbo  E  M  F  iixurtud  must 
be  aoinewbat  greater  than  the  —  EM  F  «vit  up,  or  no  action 
oau  occur  at  all ;  upon  lliu  degree  of  ukovkh  will  de[>eiid  the  rate 
of  aotion.  To  aBocrtaio,  therefore,  the  oinouut  of  electrolysis 
which  can  be  effected  by  auy  battery,  and  uuder  any  oondiiioiiH 

S  —  • 

of  reaiat&noe,  the  fonnula  lit  — g—  =  0. 

678.  Turning  now  to  tho  examination  uf  the  facts  of  eloctro- 
Xyan,  we  mti»t  regard  the  whole  circuit  wt  composed  of  chains  of 
molcuulcc  ;  ttoniu  nivbiUio  as  in  the  pUtM  and  wires,  some  liquid 
as  in  tbo  colls ;  wo  rvcognizv  tliut  tho  transmission  of  elec-  ' 
tricity  is  cIToctcd  by  a  uiotiun  iu  these  molecular  ohaius  acoom- 
piinii^  by  a  breiilcing  in  balves  of  a  niuttacule  in  each  cell,  of 
wbioli  on«  half  or  ion  uppe&re  at  eooh  pole ;  on«  molecule  being 
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rea]lT  brokvn  an  At  edtoli  electrode,  but  tbo  renuuiiiii 
nnitiDg  through  tlH!  chain  to  form  a  niotcfcule ;   tbo  i 
tbcuawivce  nnil  tbo  ionn  Ixting  all  eqniYaleat  in  value,  howaver 
Bi'i«h  th«y  cliflV-r  in  |iiMjwrli(M. 

$79.  Gnch  coll  ii»,  th«rofoi«,  a  aootion  of  tlie  conductor,  and 
hasittfown  ipvcilicrMiRtanoe,  juHtu  the  wiie portion  has.  But 
the  oi^lU  are  of  ttvo  onlvnt  in  anoth«r  reelect. 

(1)  Gonerating  oellit.  in  wliioh  energy  is  set  &ee  bjr  ohemloal 
action*,  and  booomoM  EM  F,  wa  uxjilaiaed  SJ  594-621  ;  these  ore 
battarT  ocIU  and  atand  for  £  in  forinuba. 

(i)  DecompoaiUon  oolla,  in  which  energy  ia  abaorbud  in  doing 
chemical  work.  Theau  may  be  nmple  resistanoea,  whcro  no 
ultimat«  cbango  is  made  in  the  solution  ;  »uoh  are  luont  vtcctro- 
metallurgical  proocasea  where  the  Hauie  meUl  ia  dissolved  from 
the  anoilo  as  ia  Wt  tn^  at  the  cathu'le.  But  if  any  mm  are 
actually  wot  free  by  tbu  ciirreut.  tbey  tend  to  reoombine  and  act 
as  a  ooll  «r  till)  Br»t  order  wiUi  their  E  M  F  opposed  to  that  of 
the  battery,  ami  Mtaiid  as  —  «  in  formulie.  Toe  feeblest  E  M  F 
wilts0nd  a  Ltirrvni  through  the  first  uf  these  classes  of  deoom* 
position  cells,  but  the  seoond  class  require  an  £  U  F  j^ruatur 
than  tbatsot  np  by  th«  aotion  itself,oreleotrolysia  cannot  occur, 
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6Bo.  Exoupt  for  this  diatiuction  of  genonttng  and  decontpoa- 
ing  oolht,  all  the  cells  are  under  the  tiaiiio  oonditiona.  In  each 
cell  there  is  a  +  plate  or  element,  the  tino  in  the  batleiy  ooUs 
and  the  anudu  in  tlie  deoompositJon  eellii,  and  if  the  latter  can 
unite  to  the  chlorous  radieal  of  the  eleotrulyta  it  diMolwa  just 
OS  the  Kino  does  in  the  battery  celhi.  In  each  cell  thoru  is  the 
oluctiolyte,  which  ^irea  up  its  chlorous  or  —  ion  at  the  -{-  pUta 
and  traiumita  tlie  molecular  motion  which  constitutes  tits 
current  to  the  —  plate,  where  it  also  gives  up  its  4-  >o».  The 
—  plate  then  oontiuuea  as  the  +  pole  or  anode  to  ihe  next  cell, 
and  ultimately  to  the  —  pole  or  terminal  zino  of  the  battery  to 
eomplete  the  circnit.  In  fact,  «aeh  pair  of  oooneotlng  plates  in 
separate  cells  at^ts  as  thoni^h  it  were  a  metallic  partition  sopft-J 
rating  tlie  two  liquids  with  which  the  \tlaus  are  in  oontaot.  Ib!^ 
auch  a  conducting  pariition.  one  side  would  be  -)-  sad  tlie  other 
aide  -,aud  the  two  testes  in  differreut  cells  correspond  to  theao 
two  sides,  united  by  a  wire  instead  of  by  the  mass  of  a  plate. 
It  is  of  the  utmost  importance  to  bear  in  mind  this  distinction 
of  pIolM  or  elsmenlr,  related  to  the  liquid  witLiit  their  on-n  cell ; 
and  foUi  or  electroda,  related  to  another  cell  and  to  the  polarity 
they  set  up,  or  trauamit,  and  the  student  should  oarefkilly  study 
the  diagram  of  theao  actions  $  39}. 

661.  Leaving  out  of  sight  the  diatinotion  of  oolls  as  those 


Bi.eoTitoLTais.  [68a. 

setting  up  and  those  absotbtDg  energy,  that  rilate  iu  each  c«ll 
wliicb  IB  +  to  ltd  own  liquid,  or  the  po§itive  plale  of  tlie  cell,  is 
the  anode  or  +  electrode  of  the  oeU  to  which  it  is  oonuect«d,  aud 
oompletes  the  circuit  from  the  —  plate  of  this  cell.  Hence  it  ia 
that  the  anode  in  the  decomposition  coll  repreaents  the  riac  in 
the  battery  cell,  for  like  the  zinc  it  ia  -|-  to  the  liqnid.and  gives 
up  energy  to  the  liquid  (though  that  energy  ia  derived  from  the 
current  it«elf  in  thia  c«U),  and  like  the  zinc  itdiBBoIvea,  if  made 
of  tuateriala  which  can  combine  with  the  negative  or  —  radical 
of  the  solution.  For  this  reason  some  prefer  to  call  tl»  anode 
the  tincoHe. 

682.  Fig.  GS  exhibitH  these  relations,  in  the  actions  of  a 
Daniell  ooll  and  an  ordinary  coppering  atiangemcoit. 

Fig.  68. 
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It  shows  the  polarisation  sot  »p  in  the  complete  circuit  fbsm 
the  Eino  in  1ho  liquid,  with  equivalent  oi^tions  reeulting  iu  both 
col  la,  the  upper  hraokcta  showing  the  oriKinal  arrangsment  of 
liquids,  the  lower  ones  the  offecl  of  the  action.  At  tlio  +  pinto* 
to  the  left  in  each  cell,  sine  in  the  battciy,  the  anode  in  the 
decompceitJoa  cell,  an  atom  of  m«tal  is  removed  from  the  platu ; 
the  intervening  moleculos  tranamit  the  aotion,  and  absorb  the 
ioD  originally  united  to  the  fint  add  mdical ;  and  in  each  ocll. 
at  the  eitd  of  tlie  chain  in  contact  with  the  Degativo  plitio  or 
cuthodo,  there  i^  set  free  a  puaitive  tadioal ;  iu  ihia  oosu  copper 
in  both  cells.  This  diagrnm  is  anraogod  to  fumixh  sovoral 
illustrations  of  the  laws  of  oIootrDlyais,  and  should  bo  studied 
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in  connoction  with  Fig.  67,  S  €€B,  whloh  more  fully  'explains 
the  idewM  to  Iw  aH«ooi*t«cl  with  Uie  ellipMa  in  Ffi;.  £8;  tkeee 
reprvwoiit  tb«  inu1(«ul(!«  and  their  oonstituent  mdicala  or  iona, 
vxproMod  ulm)  in  the  ehemioal  formuin,  while  the  Hyinbob  + 
and  —  bIiow  the  oImwo*  of  nulicalB,  +  lieiiiji;  the  cutiuiw.  and  — 
theftntunM;  thoir  ftmngement  exhibits  the  vnlerof}>oUrity set 
up,  whilu  the  urrowH  ithow  Ihe  direction  uf  the  ouneut  within 
tlte  cellit  anil  in  the  outer  oinmit. 

681.  The  law*  0/  tieefuiltjn$  uaually  oocepted  are  those  of 
Fiimday,  who  uHgioat.?!  the  terma  umjd.    These  Uws  are— 

I.  Na  tlemmitars  nuhitiituv  mn  tie  an  cteclrolyl^ — That  ia  to  say, 
the  two  ions  must  IwdifTtiHintly  coiujiuned. 

II.  EUxlrotj/M  oecnn  cmlg  whUe  I'm  body  im  in  ihi  liqutdltole. — 
This  Bt^te  ijiay  l>o  due  to  either  fusiun  oj-  solution  ;  in  tho  latter 
case  many  auhslan«B  become  electrolytes  by  a  teeondary  aotion, 
which  are  not  ao  of  ihenistlvoa. 

III.  Duriny  etttlrolgBU  the  comjxtnenit  o/lhe  HeetrotyU  are  reaolved 
into  (leo  groups  ;  (me  group  like*  a  definiU  direcliim  louardM  one  of 
Ihe  tlnlrodet,  ike  other  group  laka  a  coune  bMardt  the  oiJter  elec- 
trode,— They  turn  towards  the  acveTal  electrudes  in  polar  order, 
hot  are  not  morud  towards  them  by  a  direct  aitnuitien  of  tlie 
electrodes.  Faraday  held  that  only  subatunoes  oont^ning 
angle  equivalent*  of  each  radioal  are  electrolytea,  but  this  is  now 
Buperaeded  \yy  more  geneml  oouoeptious,  $  6;i. 

iV.  The  amount  tu  well  a»  the  direction  0/ ehelrolyaa  ij  definite 
and  «  dependent  upon  the  degree  of  action  in  the  battery,  beiny  directly 
proportiottal  to  the  quantity  of  eleclricity  in  rirailation. — -This  law 
la  explained  by  f  676.  whioh  nhowji  that  "  (Quantity  of  eleclrioity  " 
meana  huuiUt  of  eijuivaleiit  nioleeaUr  aeiion*. 

V.  Tliote  hodie*  only  are  tleclrolylee  uKieh  are  eompoted  of  a  eon- 
duetor  and  a  non-eanduetvr. — Thin  aildiuon  of  Miller's  is  useful  to 
remember,  but  auarcel>  ranks  as  a  law  of  nature. 

£84.  OtKSRAL  Law  ok  E  lb  .thou  sis. — At  the  elettrodee  thoie 
gitbttancee  are  tet  free  which  abtorii,  in  beeoinin^jfree,  the  leaat  intrinne 
energy,  or  loicetl  tHdttmee. 

That  ia  to  aay.  at  the  point  where  the  current  enters  or  I4a,\t» 
the  eleotrolyle.  any  neiphlKHiring  molecule, wAefAiY  an  €leetrol]/l« 
or  wt.  will  be  raft)C(^d  in  the  polar  tirenit,  provided,  that  (1)  one 
part  of  it  can  unite  witli  the  true  ion  tunied  tuwaida  the  electrode, 
and  tlie  otlier  part  can  form  a  free  molecule,  absorbing  Icaa 
energy  than  the  ion  of  the  true  electrolyte  would  require  to 
become  free ;  or  that  (i)  the  true  ion  can  be  introduced  into  this 
other  molecule  at  a  leas  expense  of  energj-  than  it  would  need 
to  0(Histitiitflaft«e  molecule.  Thssvbstanoeaeetft^emaybethus 
formed  afVeah  out  of  materials  In  contact  at  the  6lectTode«^  x^A 
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incroly  scparntt'il  w  'nme  or  radicals  from  previously  oxixttng 
molccuk^s,  although  tbis  latter  ia  tbft  fUndameat*!  typo  and 
gcnprnl  action  of  oloctrolyHis. 

69;-  But  if  the  voltage  at  the  electrodes  excoecU  thiv  raqain'd 
Toltatico.  thf^n  tho  sabNtAnoo  nooding  the  next  leant  morgy  will 
ftlso  ho  Bct  frcp,  ill  proportions  dependent  partly  on  the  voltn^, 
partly  on  tho  dvnmly  of  current,  und  mrtly  wpon  tho  rvlative 
propiirtionif  of  niHli>rinl  present  at  tho  elcptrtido. 

686.  Thin  conception,  first  published  in  this  work,  kKowh  aa 
anulogj-  between  the  effeclH  of  eieotrioity  in  cleotrolyiiB,  and 
tlioeo  of  heat  in  destructive  distillation.  As  in  this  last  onse  the 
HUbalances  arrange  thpniselvpB  in  new  fomiH  suited  to  the  forOM 
existing  in  the  retorts  nsdpgreex  of  ti'inpemture,  bo  in  the  de- 
eumiKiHiion  tell  thi-y  nrrungp  themselvea  in  forms  suited  to  the 
forces  t-xisting  as  degrees  of  elcctrie  slress. 

667.  Since  this  law  was  first  published,  M.  Berthelot  has 
formulated  a  giMieml  law  of  ohemiBtry,  n-hioh  he  calln  the  prin- 
eiph  af  maximum  work,  S  5S;  ;  that  is  ti^eay,  when  Kiibfltancea  act 
on  c<iioh  utlior,  that  action  oocum  which  eets  fWe  tnoat  heat ;  this 

tiriiiei|)1e  underliea  all  the  actions  treutcd  of  in  tlm  chapter  on 
Sloctromotivo  Forcis,  and  it  is  evident  that  M.  Berthelol's  law  of 
inaximurn  work  iathe  converBo  of  thp  general  law  of  electrolysis 
which  I  huve  fonutiUitpd. 

688-  The  t[uajilily  0/ rleeimlytie  vmrk  r>ttt}tMA  \>y  A  current  BC- 
cording  tc  S  676,  nmy  hentlcnlaled  thua:— Eande(S  677}  being 
expresaod  in  volla,  and  K  lieinK  Ihe  total  reaiatance  or  obmaee, 
mctallio  and  linuid,  0  will  be  the  oiirront  In  ampereet  tbia 
multiplied  by  liuui  in  sceonda,  and  *ooooiojJl,  the  oonlomb 
equivalent,  gi vert  tl<e  work  elFaeted  in  tctrron  of  the  "eleotrio 
equivalent "  S  €76,  and  thia  again  multipliisl  liy  tlie  value  in 
Col,  VI  Table  XIII.  or  aa  ralculabed,  given  tho  weight  in  KTunimea 
of  tho  HubHtuuue :  or  tliia  aanie  figure  may  bo  uniid  in  ]ihtc<-  of  the 
■OOOOIOJ53.    See  also  g  734. 

Tbia  maybe  put  into  a  formula:  if  e  ia  the  elevtrio  equivalent 
of  the  Hubalunoe  set  free,  k  a  otiiblant  repmst-n  ting  the  Hydrogen 
value  of  the  ampere  ounvnt.  that  is,  for  )|>ntins  o'OOOi^^S,  for 
gTammoao*ooooioi;2.and  equivalent  figures  for  ounc«a,poiiBda, 
ha..  E  Tolrs,  R  ohms,  f  time  in  seconds,  and  W  the  quantity,  or 
work  don«, 

$69.  CoONTBR  EMF.— Tbis, which  ia  the  Bouroo of  tbeEMF 
of  Moondary  batteries,  lias  been  explainod  H  ^33  and  677: 
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wb0tli«r  ire  regard  the  decoiupodtioa  coll  as  »  cuuclctiscr  in 
whicli  a  Htren  U  prttdnoed,  or  es  ■  place  irhere  chemical  decom- 
ponitioD  oconrs  under  Hnperior  force,  each  action  tends  to  iii*ko 
the  Bno4o  +  and  therefore  to  oppose  tlie  current. 

The  Iwttor;  and  deconipooition  cell  are,  therefore,  idenlicAl  in 
principle  with  two  celts  with  himilar  poles  opposMl,  end  no 
current  can  pass  unlets  the  elect roniotivo  force  of  the  one  cell 
(the  battenr)  excc«ds  that  of  the  other  cell  (the  elcetrotj-te). 

690.  It  IB  generally  betieve<l  that  this  —  E  M  P  is  not  set  up 
whrn  plntcB  of  metal  are  electrodes  in  a  volution  of  the  eamo 
metal,  u  in  eopporiug.  This  is  not  correct.  It  is  evident  that 
the  platei)  cannot  be  in  the  tamt  solution,  bocauee  the  action 
itm  If  produccBcnicontrationnt  the  anode  and  impovorishmontat 
till'  <aitli<ide.  I  faaro  found  thnt  thii  goneratco  a  iimall  —  E  M  F 
and  that  the  co^por  depoxiti-d  in  a  dwomposition  ooU  worked  liy 
a  Daniell  cell  la  iievcr  niiito  equal  in  cjtiantiry  to  the  copper 
depottiled  iu  the  hatlcij  if  worked  with  a  wire  baviag  ttciual 
reuotancfl  10  the  dooompottition  ovti.  I  find  tht«  -  BM  F  itbout 
'oa  of  a  Tolt. 

691.  But  U.  L»ii«ii-T  hna  ithown  that  thcrv  is  another  aouroo 
of  -  E  At  f ;  Uint  the  uivckanical  vuersy  absorbed  in  th«  action 
pmduooa  tliis  M  it  does  in  magnetizing :  he  Htates  that  "  a 
onrrent  traTomiiig  any  ctootmlyto  develop*  n  —  E  M  F  cquol  to 
the  aqnaru  n)0t  of  the  ourront  and  the  rvniMUnoo":  Uukt  is 
0  =  «/  C  r.  This  thetefore  varie«  with  the  otirreut,  being  of  the 
natmeof  work  SSJJ.aiid  is  in  addition  to  the  obemi^  reac- 
tion, which  does  not  vuy  wiib  current.  There  may  also  be  a 
—  £  U  F  caused  by  the  different  uolecular  condition  of  tlie 
nietalB,  as  rolleil,  cast,  or  deiKMtted,  aa  these  varied  oondilioas 
alter  the  E  generated  in  dissolving. 

£91.  The  etectrodesof  a  cell  are  not  necessarily  uielalB.  When 
the  liqaids  are  separated  by  a  porous  diaphmgu,  their  surfaoea 
in  contact  ad  as  electrodes  to  each  other,  and  predpitation  may 
occur  there  just  as  at  a  plate.  A  series  of  liquids  may  m 
thus  connected,  and  current  passed  throofli  lh«  whole.  'I'ho 
examination  of  this  will  clearaway  many  Gomuon  inisconc«pti'>ns, 
Thas  it  is  oftt'u  said  that  "  ions  can  he  traiiamiltcd  through 
materials  for  which  they  have  a  strong  chemiiml  affinity  without 
oomhiuing  with  theni."  Now  this  is  nut  the  case.  No  ion  can 
be  so  transmitted.  The  illustration  nsunlly  employed  represents 
three  connected  liquids — sulphate  of  soda,  infusion  of  lilmus. 
and  water.  After  a  time  snlphuric  acid  is  found  in  the  water, 
and  it  is  oonsideied  that  it  baa  passed  through  the  litmus 
solatioD,  ye4  haa  not  coloured  it.  Uut  what  has  occurred  is 
quite  dtlureot.     Kot  eulphnrio  acid,  bnt  neutral  sulphate  of 
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wxlii.  hiw  travcntril  tijo  Milution,  by  rimplo  dnilcsEooee.  Vatil 
this  htui  brought  «(iiiio  vf  thn  mit  ovor,  do  ttcid  would  be  reldaaod, 
nor  would  any  cnmint  ptun  nt  all  unless  somo  mIido  substanoea 
wore  in  the  wator. 

693.  But  if  in  any  intormcdiato  noltttion  there  i«  a  dtomieal 
affinity  for  ono  of  ibo  irnia,  ca{inblo  of  producing  a  precipitate, 
that  ion  will  ne:vi}r  piuw  ncrow  tlio  wmtion.  SnppoHo  t!iert> 
are  foiir  «alutioni>i,  common  salt  at  tho  rnthodo.  enlpbate  of  soda 
nozt,  thvn  uitmtv  of  Kilvvr,  and  amin  snlphato  of  Boda — no 
partiutu  of  chloriuu  would  i>Tor  find  its  way  to  tho  anod«,  but 
milphurio  acid  woul<l  lio  set  freu  tlioro;  any  rhlorine  which 
either  liv  endosmova  or  by  oluulrolytic  tmnsfcr  rMtch«d  (be 
nilvcr  cuU  would  be  at  onoc  precipituUKt  ihorQ.  What  realty 
occurs  is  intercliange  of  the  ioua  between  contignons  molecolee 
along  the  polar  obaiii,  W  that  when  tlitH  ih  oonijH^iod  of  difl«rent 
el(«trolytta  in  (Kiiitiict,  the  nonstitnent  ionit  are  iwyin  diKtribatod  ; 
but  wliL-tiuvi-r  in  ibu  oourae  of  ihiH  dintribution  two  iona  ooma 
tOji^eUiL-r  whioh  buvc  a  mutual  utllnity  ffreat  unmigh  to  cause 
an  orilinary  ohriiiioat  oombiuation,  they  Dccome  iniuilublc,  and 
droii  out  of  tbe  polar  uhain.  Faraday  |)rovi.-d  tliitt  by  deoom* 
posing  snlphato  ot  moenena  in  coiitact  with  watc^r  in  strata  one 
above  tho  other,  and  witli  pTecantionit  to  provont  digttirbanco  by 

SU  :  no  magnesinm  found  its  way  to  Ibe  cathodo,  but  on  entering 
10  water  it  formed  a  film  of  magiima  in  Ibo  middle  of  tho 
Hiuida  at  tbo  lino  of  junction,  whieli  norved  na  olootrodos  to  the 
liquids.      Thin  boars   iitrotigiy  on    the   "  migrations   of  ions,'' 

694.  To  nndutatand  the  ohemioal  actions  cffoctvil  by  tho 
current,  wu  should  esatuine  them  tint  in  a  puro  ctuctrolyte, 
a  ningle  nutiHtanco:  and  immt  of  th<»o  have  lo  l)i>  liiiuttlicd  by 
fubiiou.  A  goiHl  exami>le  ia  ohloridn  of  hiIvit  with  Hdv<-r  i-Ioe- 
triKlca;  thesilvuradliercatu  theoaibodu  and  thuanudt-  dixMolvcs 
away,  uuuntaiutog  tho  ohloride  of  silver  conntAiit.  Tltiit  is 
Direct  EteotndyxiB.  With  a  largo  uunil)er  of  sub^taiitort  in 
toiution,  a  different  aotion  occurs,  wliieli  ia  called  Sectmilar}/ 
Electrolysis.  I  will  give  the  usual  explanation  of  this  finit,  ai>d 
tbon  show  a  princitile  whidi  expUiuH  it  more  )i6rfoctly  and  in 
boltor  aooord  witlt  the  pHuviplea  of  the  t-lectrie  current. 

695.  If  wfl  electrolyne  a  solution  of  tiodiam  ehlnridu  XaCl,  wo 
obtain  CI  at  the  anode ;  at  the  cathode  we  do  not  obtain  Na,  but 
we  have  iuBleod  <if  it  H,  hydrogen,  in  the  equivati-nt  proportion : 
in  tliL-  solution  we  liave  sii  etfuivukut  also  of  caustic  sod*  NallO. 
But  if  we  eleolTolyre  sodium  sulphate  Na,SO„  we  obtain  nt  the 
anode  au  equivalent  of  oK^gen  O,  and  also  an  equivalent  of  &m 
sulphuric  acid  H,i^t.  while  at  the  oatliode  we  bave  tho  Mm* 


AS  in  the  case  of  the  olilori<]»;  wo  have,  therefore,  apparcDtly 
two  equivaleots  set  trat  for  ooe  eqnir^eat  of  current.  The 
explanation  given  ia  thin :  if  we  aad  eodiom  Na  to  water,  we 
decompose  tlra  water,  we  produce  NaHO  caoslic  soda,  and  11  aa 
free  hydrogen.  When  we  dooompoae  NaC),  we  really  set  free 
Na  in  presence  of  water,  which  is  then  decomposed  by  ttixndary 
or  purely  chemical  aotiou.  In  the  oaM  of  the  aulphate  we  also 
sot  froo  at  the  auode  (or  render  nascent)  SO^  a  radical  which 
cannot  ©xial  separately,  but  which  acta  npon  water,  II,0,  forma 
H^tJO^,  and  sets  free  U  oxygen,  also  by  a  secondary  ohemical 
action.     We  roay  picture  the  reactiuu  thus: 


Anode  +J80.   Ka,  SO.  Na,  SO,  Na  Na   )-  Cathod*. 
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The  upper  row  of  braokets  show  the  original  moleoulee  of 
NbjSO,,  uf  whioh  the  end  ones  break  up  and  react  upon  the 
mter.  which  does  not  enter  the  polar  eleotrio  chain. 

696.  It  should  be  noted  that  we  ha^e  here,  aa  in  $  647,  an 
apparent  production  of  two  iiiuivaletita  fur  one  (M{tiivaleDt  of 
eWtricitv,  »H  we  hare  at  the  anode  an  <^qnivalent  of  free  acid 
geueruted,  and  aluu  O  set  frt-o ;  and  at  the  cathode  we  faan  ftee 
caustic  auda  and  U  ao  gaa.  If  this  explanation  were  true,  the 
E  M  F  required  would  t)0  that  of  oomixwiUon  of  Na^O^  and 
thai  is  by  Tables,  p.  108,  KaO,  ■4;9]  loot  lbs.  and  NaO+SOj 
JIJ7  :  or  17713^4675  =  }*8  volts.  There  would  also  be  heat 
pruJuoud  iu  the  liquid  ecinal  U>  that  of  the  aolion  of  sodium  on 
water.  Now  we  know  that  an  £  M  F  of  1 '  j  volts  is  sufficient 
to  just  set  up  the  action,  and  that  this  beat  is  not  generated, 
To  uudumtund  what  really  ocuurH.  and  so  get  rid  of  the  cotu- 

Elication  of  diieot  and  aeonndury  L-leo  truly  sis,  we  lunsl  diatiuguisb 
etweeu  the  actions  ia  tbe  bodg  0/  ihe  liquid,  and  those  wbioh 
oocnr  at  the  tUHrodm,  1 530. 

697.  The  aetion  in  the  body  0/  the  liquid  consists  of  molecular 
motions  transmitting  the  current,  and  the  interchange  of  ions 
nuiong  thcmselvvH  tu  they  happen  to  meet  with  others  capable 
of  combining  with  them.  These  actions  are  entirely  of  the 
nalore  of  reauta ar^r  (exoept  as  explained  §  £91):  the  current, 
therefore,  will  divide  itself  among  any  nnmber  of  mixed  electro- 
lytes OS  among  different  wires,  in  tbe  order  of  their  coudnotauce ; 
tnerefore,  in  an  ordinary  oupperiug  sulution  containing  a  good 
deal  of  free  acid,  the  curreut  will  be  carried  mainly  by  the  acid, 
because  the  oonduoiivity  of  sulphuric  acid  I  to  1 1  of  water  is 
16  times  08  great  as  that  of  sulpbatv  of  copper  solution. 


f^S.  The  breaking  up  of  the  moiettilna  invoha  no  aij>eiiJilure  of 
energy  in  this  case,  as  it  did  in  $  C57.  because  li«re  there  ia  m) 
fistfiraal  foroo  operatiue  thnTUgb  the  }«i!ar  chain  ;  it  doe«  brwJt 
tijp  the  termin&l  nioIecal«e,  expendinK  ^«r<)g  in  Aat  actum  :  1>ut 
the  mere  interohMige  of  ions  throufjhont  the  d^in,  without 
disruption,  needs  no  pner^ry,  because  ihe  etteTgy  impartod  to  the 
rcmainin)'  ions  at  tha  ends  of  the  chain  eDaolea  tnom  to  iinito 
through  the  chain  itself,  which  tmnsmila  the  strews  and  tho 
energy ;  any  energy  vrhich  may  really  bo  consumed  in  tho  pn>- 
com  IS  therefore  of  the  order  of  resistance  or  friction,  and  finally 
appears  as  tho  heat  of  S,  see  $  70;  ()). 

69a.  At  the  electrode*  there  it  a  teUetm  power.  This  »  not 
liAKOu  on  roKJKtanco,  Init  solely  upon  the  ratioH  of  TolUg»  ro- 
quircd  to  free  tho  Hoveral  ions.  If  several  anionii  are  in  con- 
liitt  with  tho  anijde,  that  one  will  bo  not  free  whtwo  intrinsic 
unerey  is  lowest ;  heiico  in  dilute  bydrocblorio  acid,  Iko.,  chlorine 
IK  mleoted  bocanso  il«  onergy  with  hydrogon  is  only  ^711  foot- 
pounds, while  tbo  other  nnion  present,  oxyg«tn,  n«timre»  6841 
lbot>poiiDds.  If  the  anodo  is  itolnblc^  that  anion  would  be 
Kolooted  whose  energy  of  coRibinnti»n  in  highiiKt,  beoauae  here 
tho  action  is  really  that  of  a  generating  oell  anil  iS  705)  ooa- 
tribntos  energy  to  the  polar  circuit  as  4*  I-  M  F  (both  thflM 
statements  are  subject  to  limits  wbtcb  will  bo  ooiuideied 
presently).  At  tbt'^  oathodo  a  similar  selective  Motion  ooonrs: 
thuK,  if  a  copper  solution  contains  iion,  <;tipp<;r  imly  will  be 
reduced,  iHToauiiu  the  —  EM  F  of  copper  is  imly  i'26  volt, 
while  that  uf  iron  is  Z'07;  fur  this  reason  hydrogen  is  not 
releaaed  in  jiri'HL-noi'  of  metallic  salts,  nxciipt  when  their  apeoifio 
eticT^-.  or  —  E  M  F.  approiichcs  niwrly  to  that  of  hydrogoi,  or 
uuitbr  a  gnNtt  escus  iff  E  M  F.  Ibmce  in  depositing  nickel  or 
iron,  byurdgeii  ia  ulwavM  giv<in  off,  despite  of  Stnoo's  law  tu  the 
contrary.  The  pniiciples  I  am  laying  down  show  us  why. 
The—  E  M  F  of  iron  is  1*07,  and  that  of  hydn)gvn  is  only  i'9, 
nearly  tlie  nuinc. 

700.  It  in  iKiiuiiblv  that  in  stunc  cases  a  trtie  unmdory  or 
rhemifitl  reaction  oi>cura.  Such  are  thoiio  aotiona  in  which  uo 
direct  k-h  ia  released  from  a  broken-up  nioleoule;  bntaoomplete 
ni»IO(-i)le  haa  a  nurt  of  its  constitiieiita  reraored  or  subatitntod, 
or  extra  ulmns  (forming  the  tru<t  ion  released)  are  added  to  it, 
Sooli  an  aciiiin  ucciir«  at  the  cathode  with  uitrio  add:  the 
noaovnf  hydrogen  reacts  upon  it  in  mautiers  varying  with  tho 
ntfl  of  ounvnt  and  the  ooncoutratiou  of  the  acid;  if  thia  is 
vn-iik.  hydrogen  is  given  off.  The  dUTereut  reactiuna  which 
occur  are  given,  f  338. 

701.  A  oonvsponding  action  may  occur  at  the  anode  with 
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wuml  oxygni)  or  clilnrinix.  On  this  lu-Knuiit  it  ih  (Inngorona  to 
ciMitrulvxo  a  strong  solution  uf  mil  iinimoiuiK.',  Kn^CI,  Mitl  I 
aeleot  thiH  oxMnplo  bocnnsft  !t  in  ui  cxpoHincnt  vrxy  lik«ly  to 
bo  made;  it  dcoompoKS  iolo unmoninni  NH,,  which  hix«kii  np 
into  NH4+H  nt  thn  onthodfi,  and  Ot  at  the  anodo;  chlorino 
Rsota  nyim  the  mU  anil  formii  Atom  of  cblondo  of  nitn>gi-n,  » 
violent  tiniiiMnitg<tnhln  uxplowv*' :  tbtw  KR4CI  4-  6C1  •*  4HCI  -f 
NCI3.  I  givothm  formula  fur  Mimiilioityakkcbut  do  obq  Icnowt 
what  chlorido  of  nitrogen  in. 

Bat  whilo  Ibvvn  aciiooH,  pnxludble  hy  ordiitnrjr  ohotnieal 
naotions,  may  1w  nrganled  tut  Mooudiirj'  autimui  of  suhclAnoe* 
ist  fr«e,  it  in  in»rc  pmlmble  ttiat  tb«<  moleoulM  reacting  aro 
sotvaUy  nuiK«d  In  thi.-  |x>Iar  electrio  circuit,  and  that  the 
MtiODB  are  efleoted  nmler  Um  inflaeDoca  exerted  liv  the  current. 
We  may  Uierefore  nul«titute  fur  the  oonfuaing  ideas  of  direct 
and  MOcadUT  action  the  general  oonoeption,  S  C6^  tlut  the 
prodoets  of  eleolrolysis  are  laoged  aooorduig  to  their  ralioe  of 
epeoiflo  energie*. 

701.  UnED  ELECTROLtrBs. — When  aeveral  mths  are  open  to 
1h«  current,  it  diridea  itaelf  among  them  all  in  the  inverse 
ratioa  of  their  tereral  rcciatanoee.  Every  conductor  ia.  En  fitot, 
a  aystem  of  nuch  "  derived  circuits,"  as  the  nnit  conductor  is 
tlie  single  chain  of  nutvalent  molecnlea.  It  ia  sfaovni,  $  ^54, 
that  inliquids  all  p*rta  funn  a  dystem  of  derived  circuits,  of 
unequal  resietanoe,  from  every  part  of  one  electrode  to  every 
part  of  the  other,  and  as  a  ooolaequence  every  portion  of  the 
liquid  in  the  celt  oarriee  a  pari  of  the  cnrrent  proportiooed  to 
the  lines  of  resiHtauco  in  which  it  enters :  bat  this  relates  only 
to  the  tme  oondootioD,  (  691.  The couditionsare quite  diiferent 
when  the  different  " derivea  circuits"  are  different  electiol vies; 
those  conditions  will  also  be  very  dilforent  when  the  electro ly  tea 
are  in  different  cells,  and  when  they  are  mixed  in  one  veBscI. 

703.  The  IrsTol  of  the  current  [etrndnctii-n)  is  invcmelv  a»  the 
neeistanoes,  and  probably  independent  of  chcmiciil  oxchnngee  : 
tlie  enlnnco  aad  exit  of  the  carrent  (W<?>-(iW^/n'«)  ia  iavcr«oly  na 
the  ToltaooeSi  and  each  is  probably  indc]iond«iit  of  tbo  other. 
There  ia  no  reason  to  boliuvo  that  there  ia  any  aymmetiy  in 
tho  prooMB,  which  contince  it  tbrunghout  to  one  subetanoo. 

The  current  will  act  on  no  aubatanoc,  t  619  (at  tho  eleotrodca, 
it  may  in  the  circuit)  wboM  —  B  M  F  exceeds  the  potential  to  . 
whicli  the  electrodes  can  bo  raised,  ua  shown  on  an  eleclrorocteri 
oonnccled  to  tho  two  electrodes ;  yet  it  may  do  ao  apimnntly,* 
It  may  at  one  electrode  select  one  ion  alone,  and  at  the  other  an 
ion  either  originally  forming  part  of  the  nme,  or  of  a  diSvronij 
electrolyte ;  or  it  may  rclcssi.!  acveral  and  rvdiHtrihiito  tho  othe 
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oonetitnonte.  It  will  rolcunw.  first,  nt  cnch  olcctnvlp,  ndt  ions 
at  lake  vp  h;a»t  nurgy,  whether  thoy  origioAllv  t'crnnnl  port  of 
tho  same  cleotixilf  to  or  not.  If  th«  potontuu  is  nmoi  msoh 
boTond  tho  point  nooded  for  thitt,  ions  requiring  mora  onen^ 
will  be  reloaaod,  in  ratio*  dependent  largely  upon  the  qoantitiM 
prosoDt,  and  in  contact  with  dio  sloclrixiM,  S  6Bj. 

704.  ELHurKDi.YT}»  IK  DEittvuu  OiiicuiTii. — If.  inst«ad  of  gOIDg 
through  a  mixture  of  several  eleotroljrtes.  the  circuit  is  divided 
into  Mvoral  brunches,  or  derived  cirouits,  with  a  deoomposition 
coll  in  each  brench,  containing  cleotroljrtosof  (Ufleront—  EMF, 
then  n  different  sot  of  conditions  will  uHhc.  The  experiment  is 
highlv  insirtictive  imd  very  simple:  U  tubes  sorve  as  ooUs,  or 
■traight  tubes  turned  up  at  the  ends,  of  suoh  length  and  sixo,  us 
enable  the  rcsistunoo  to  be  made  nearly  equal :  n  galvanometer 
of  very  simple  t)-po,  ithould  hv  naeil  iu  eouh  circuit,  or  one  will 
tiifSco,  if  ft  reeistanoo  equal  to  the  galvanometer  is  provided  for 
each  circuit,  bo  that  the  galvanometer  can  be  inserted  in  pluoo 
of  it  without  altering  tho  conditions  of  current. 

Tho  result  will  be  according  to  tho  Uws  of  derived  cirouits, 
§  ;]S.  modified  by  tho  different  opposing  E  M  F'a.  Let  Fig.  69 
represent  three  sacb  derived  cironits,  oontuining 

I.  Sulphuric  acid  with  a  copper  anode,  with  —  EUF  =  '534 
3.  Hydrochlgrio  acid   with   platinum  elec- 
trodes        ..          ..          ..          .,          ,,           „       =  '^9 

}.  Sulphuric  acid  with  platinum  •lectrodes          .,       =  >'464 

The  common  current  being  measured  bj  a  voltameter  or  Sneo 
cell  S  198,  A  will  givea«  niuoh  hydrogen  as  i,  a,  and  3  tugetheri 
but   thu   ratios  iMtweeii   these   latter 
jrjo.  ^,  will  be  quite  anothi^r  malter.     Until 

the  potential  between  A  B  and  C  D 
rinoH  ti>  '5J4,  DO  oiirmnt  would  pait«; 
then  it  would  go  wholly  by  r  ;  when 
it  ruse  beyuud  -9C9  a.  little  would  go 
by  3,  but  only  a  small  proportion; 
and  it  would  rvqaira  greater  battery 

CiT  than  if  a  were  acted  u])on  alone, 
use  by  the  laws  of  derived  circuits, 
the  EUF  would  be  eqtial  at  all  the 
junctions  of  1,  1,  },  with  A  It,  and, 
therefore,  the  facility  of  passage 
u[>eued  through  >  would  rapidly  lower  the  potential  iu  the 
common  conductora,  and  moke  it  more  difficult  to  raise  it  to 
the  deiiree  nooosMry  to  pass  any  ourreut  through  a  than  it 
would  be  were  1  disconnected. 
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705.  ELECMiOLviic  RucnORH. — We  may  iww  apply  tbcM 
tbooretical  principleB  to  woU-knowu  reactions. 

(t)  The  aecompoeiliou  of  eodiom  enlphate,  in*t««d  of  Uking 
place  bv  "  HocoDcUry  "  ootioa,  oa  shown  in  i  696.  is  effected  by 
molecniee  of  water  entering  the  polar  chain  itself :  the  extrune 
ions  of  the  chain  go  off  as  gases,  and  the  formnU  beoomov. 


Water.        Sodinm  Snlpliato. 


Anode  +  0 


Acid, 


so.^: 


fin  ^* 


-  Catbodb 


TIm  upper  hntokols  show  the  originnl  moteculoe,  and  the 
lower  ODOs  the  rauU  of  the  aetion ;  and  I  have  indiridiialised 
tbo  atoms  in  onlor  to  show  why  a  bibasio  salt,  such  as  a 
sulphate,  takw  two  oquivalont«  or  enrrcnt  to  deoompoae  it,  the 
equivalent  being  based  on  H,  {  6-j6,  The  ctndont  snould  com- 
pare this  dUgnun  with  that  in  §  6q€,  and  thoroughly  realize 
the  differeaoe  of  principles  inTolrcd  in  them. 

This  reaction  requires  1  *  5  oqnirolts — that  is,  so  much  energy 
must  bo  given  op  by  the  vnrront,  to  sot  osygeo  and  hydrogen 
froo,  and  the  ooll  will  net  ns  a  —  f  of  that  slrongth. 

(2'^  But  the  anode  rv[>roBonta  tho  nine  of  a  batloiy  cell,  §  680, 
and  if  it  can  combine  with  any  anion  or  acid  radical  present  it 
dissolves  liku  the  aiinc,  and  gives  4- energy  to  the  circuit.  If 
thorvforo  tlionnede  is  miulo  o?  coppor,  onrrent  would  pass  with 
leas  expendituiu,  and  tbo  action  would  become 


Xa 


Anode +  CuSO,^^  ^O'Na^'^' Sto  HH  ~  ^*^°^ 
+  1*26  -1*92 


HeM  we  see  that  the  energy  absorbed  is  1-91  —  1 '  1$,  or  onW 
O'£6ofau  eqnivolt,  becuuso  at  the  anode  a reaotion occurs  wbiw 

5ivM  up  eiierf^' ;  or,  more  simply,  there  is  only  abwirption  at 
le  oathode  fur  netting  hydrogen  free,  in  nxoOM  of  tliat  duo  to 
copper  solution  :  if  zinc  were  used  in  place  of  copper,  kUU  leas 
energy  would  be  absorbed. 

(jj  We  may  have  at  tbo  cathode  also,  an  ion  which  needs  no 
more  energy  than  a  corresponding  reverae  action  at  the  anode 
wiU  supply,  then  we  have  an  elcotnitysis  which  is  only  a  resist- 
auce,  not  a  —  E,  g  £79  (i)  and  S  698 :  and  therefore  the  very 


I 


fe»bl«st  force  cftn  effect  iL  IFwe  place  copper  sulpliabe  at  Uis 
Cftthodo  of  the  laat  re«etiuD,  it  beoonies 

Anodo  +  Cu  SO.  jjjl  SO,  Jj*  SO.  J*  SO.  Cu  -  Cathode. 
+  I  •  a€  —  I  •  afi 

This  is  an  ordinary  oopporing  reaction,  in  which,  to  koep  up 
the  analog.  I  bare  used  sod*  stilphate  in  tho  circuit,  ingteau 
of  copper  sulphate  or  Eulpharic  acid  ae  asval.  Tbo  cnppor.  in 
onmbiuin);  with  the  acid,  pives  up  i  •  j6  cqnivolts,  a«  +  E  M  F, 
and  the  final  decomposition  abeorbe  thd  eamo  as  —  EMF, 
li'Aving  only  tho  resistance  of  tho  cell  to  oyercomc. 

(4)  In  tho  onlintrv  voltameter  with  dilalo  acid  wo  hkvo  a 
i-eaction  which  it  will  be  eeon  roBcmblM  the  decomposition  of 
Hodium  aalphalo  (t),  but  the  hydrngen  cumes  off  at  the  c»tllodo 
witiioul  producing  any  other  substaRce  there,  becaoee  the  acid 
itoelf  aupplios  the  hydrogen. 

Anode  +  OH^  SO/H,  SoTh^  -  Cathode, 
EMIF-T464 

pving  bcBidcs  the  roeietanoe  of  tho  cell,  a  —  E  M  F  of  volt 
1-464  1  BO  that  a  single  Daniell  of  volt  1  -  071)  cannot  pass  current 
at  all;  but  if  we  uxo  as  in  (3)  a  ooppor anode, giving  a  +  E  Jl  F 
-9}.  so  reducing  the  —  EM  F  to  '5)4,  current  pauea  trsely, 
hydrogen  is  {pvcn  off,  and  sulphate  of  copper  formed.  In  formula 
(3)  this  reaction  shows  a  force  of  0-66,  while  here  it  is  ';}4. 
although  in  both  oawe  tho  same  products  are  sot  free:  but  the 
prewnoe  of  the  caostio  soda  in  tho  first  case  introduces  an  element 
which  does  not  exist  in  tho  other,  and  this  is  the  cause  of  tho 
crreater  foroo  required.  All  those  flgurosare  given,  however,  to 
illustrato  prinoiples,  nut  as  actually  accura'e  in  thomsolves. 

706.  Watkii  »or  Aft  El-ECTiiOLYTE.— Almost  all  Uie  Ijooks 
Bpoak  of  tlie  deuompoaitioD  of  water ;  in  fact,  thoy  oommonty 
attrihuto  the  processM  of  eleotro-metallurgy  to  secondary  aotJon 
of  thu  hydrujteii  sot  free  by  the  deoompiicition  of  wati-r ;  they 
Hrxttilc  aUi'of  natvr  boiDgabnd  oonduot'ir,  but  made  better  by 
tnu  preaicuco  of  adtUnndRalt*.  The  fon-goint;  priiieiples  enable 
MM  to  dv&nu  u  true  eterlr^itgle  a*  a  pair  of  ioni  which  tetll  break  up 
und«r  0  potential  eijuivahat  to  tho  a^nily  athieh  luildt  Ihem  togtther, 
$  664.  ft  is  doubtful  whether  purv  wati-r  w  not  otio  uf  the 
strongest  inaulaton ;  at  all  event*,  it  will  not  only  not  oleotrolyxa 


under  a  pot«nti»l  of  I'f  volt,  1»it  r<M»to  »  hundrcci  times  tlukt 
K  U  F :  tbererore  it  is  not  an  uloctroljrto. 

707.  This  point  hu  been  oftvn  argiiod.  Some  have  nid  th*t 
alt«ni»tiD);  oameutii  will  d«oompoao  vntor,  only  the  conBtitnents 
reunite  at  the  olectrodM,  S  50;  thispUnisobvioaslyiDorelyre- 
vetaiug  the  char>^  of »  ountlpnecr,  swiagisK  the  water  moleontoa 
bsokwarda  nuA  forwarde,  not  brmking  them  np,  nor  psMine 
earrent  throuKh  the  water  nt  all.  Others  hare  tnod  to  diminiBh 
the leeifltanceDy  coiling  u])  two  pUtinam  plates  septUB ted  by  silk, 
giWog  gnmt  area  and  littlo  thidnwM  of  liquid.  They  paaaed 
eurrentt  and  got  guee  unquestionably,  bnt  it  is  scarcely  necessary 
t»  >ay  that  it  was  not  pure  *Mter  which  wiis  beio);  decoupoBed. 
The  Eact  U,  really  pnro  water  i»  unknown,  oron  to  chemists ;  it 
canuot  be  made,  and,  if  mad^i,  could  not  bo  kent  Gvo  minutes. 
Water  is  a  close  approach  to  tho  long-nought  object  of  the  old 
alc1i«miet»~a  iiniTi:ii«al  solvent.  Tfao  puruiit  platinum,  oven 
thoQgh  made  red  hot,  ice,  is  sure  to  huve  »mc  residuary  im- 
purities or  adherent  gas.  and  thus  tho  oonditions  of  ideal 
electrolvriii  nro  inevilnbty  vitiated. 

706.  if  the  anodi.'  be  silver,  after  a  time  (laoeCof  »ilvor  are  found 
ill  the  water,  and  from  thia  it  has  been  argned  that  water  is  an 
clerln>lyle.  but  that  its  very  great  resigtaaco  prevents  measur- 
able Gumot  passing.  The  aigvmeot  is  not  valid :  wbeo  the 
water  is  polwixid  as  a  dioleotrio  imdor  stress,  its  oxygen  of 
ouurso  will  unite  with  the  silver,  which,  ptwaing  into  solntioD, 
couiititutes  an  tilvctrolyte. 

709.  Water  and  many  other  8tib>taiicc«  permit  a  slight  oona&t 
to  pass  without  undergoing  eloctrolyus ;  and  it  has  bmi  amed 
that  thia  is  caused  by  the  gases  being  giveii  off  and  abaorbM  by 
the  liquid.  ^Ve  cannot  limit  natore,  nor  can  we  be  qtiite  sure 
tL.it  fiquida  cannot  conduct,  in  some  degree,  lib^  metals  and 
solids,  as  even  gutta-percha  does.  But  there  is  anotbi^r  point  to 
consider.  Water  frvxdv  diHsulvcs  nir,  and  takes  np  the  oiyf^n 
in  a  higher  latio  than  the  nitrogen  :  it  is  by  this  proportv  that 
fi&heaare  cnnblod  to  brcatlie ;  therefore  whon,  under  the  influenoe 
of  the  charge,  the  water,  acting  as  a  dielectric  preaenta  ita 
hydrogen  to  iJio  cathode,  it  6iHlHthoni  oxygvnwiib  which  itoan 
oombine,  while  the  corrc«]Hinding  oiygen  is  set  free  at  the 
anode,  with  the  rexuU  of  a  small  current  passing ;  this  action  is 
therefore  perfectly  analogouo  to  tbo  transmission  of  ourrent 
acreas  a  copper  aolntion  betwv«m  copper  electrodes,  in  foci 
oxygen  i»  traiutferrcd  inxtead  of  c<up|ier.  Helmholts  basproved 
tliirt  bv  means  of  n  curefuUv  prepared  hermetically  sealed  "  ga« 
{no  oell " ;  he  found  that  UiiH  slight  current  diminished  as  the 
gaa  wM  got  rid  of,  atid  finally,  was  altogether  put  a  ston  to. 
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710.  lu  tlie  naoUouB  called  the  ^^"^RBHHob  of  inter, 
gaaofl  do  not  ootob  off  pure,  and  ouDB^onB^  the  theoretd 
meMurea  ate  rarely  obt*i&ed.  OKOoe  ia  generated  at  the  anode, 
and  [leroxide  of  hjdiogeD  at  the  cathode.  These  are  leinarkahlu 
Kiilietauceit,  iioxseming  the  wmtradiotory  properties  of  Iwing  huth 
oxiilizinj;  and  redudng  agenta.  Oxone  U  a  nioleonle  of  oxvguii 
ctmtuinitig  thrin!  atoinii  iustead  of  two,  aiid  with  thu  Uiin)  atom 
rwiily  III  ]i-ave  at  the  tarlieflt  opportimity  ;  therefoie  it  will  takn 
oxygi-ii  Troiu  au  uxidi'zing  agont  to  form  onliuary  ()xv;;eu,  and 
liy*lMi(;t*ii  friJiu  ft  reducing  agent  to  form  water.  The  reaolion 
Qiay  be  written  thuH : 


Anodo  0  H^  |h  r!     U  ol^'^'^'^^^ 


J 


An  atom  of  oxygen  r^oMod  at  the  nnudo,  and  ita  two 
of  hydrogen  acting  on  two  molMlilea  of  water,  so  as  to  fbmtwo 
moleoulos  of  free  hydrogen  and  one  of  hydrogou  peroxide  H,0] 
Three  each  roaotiong  give  three  atuuiH  of  ^ixygen  tc  fono  a  molo- 
Dule  of  onono  O,  at  tlie  anode. 

7tt.  Mr.  0.  II.  Robertaon  hu  Bhowu,  a  few  days  before  this 
part  of  the  work  went  to  the  jirintorw,  that  this  goneratioD  of 
HjOj  plays  a  very  important  nurt,  hitherto  overlooked,  in  the 
ohemiKtry  of  secondatr  buttciru-s,  §  3 10,  its  prcsonoo  being  the 
cause  of  the  high  EMFjiiet  aft«r  charging,  §  314,  about  a*; 
volts :  ho  nrovod  this  by  an  ex jwri mental  cell,  tho  plates  of 
which  could  bo  oxchangod  in  the  liquids,  which  caused  an  im* 
mediate  fall  of  volti^. 

713.  Small  electrcac*  facilitAte  those  exceptional  actions  owing 
to  two  causes:  t,  inoreosed  dim«i(u  u/currvnt,  so  that  tho  mole- 
cules of  H,0  in  contact  with  tlie  eleotrnde  arc  more  tnmultuously 
Bolicfted  by  tho  niuicent  0,  or  in  other  words  the  usual  influenoe 
of  relative  qnantitioBOOQie  into  AOtion,S  716;  3,  the  resistance 
being  grttatrr.  thu  stress  on  the  molcoulea  is  greater,  as  the 
potential  is  higher, 

7 1  J.  Water  contjiining  air,  when  oloctrolysod  by  a  powerful 
current,  gono^atcs^it^io  acid  HNO^  at  tho  aniHlc,  tho  nascent 
oxygen  uniting  with  nitrogen  and  water,  and  ummouia  at  the 
cathode  by  itntuD  of  nitrogon  and  hydrogen,  thus :  ^ 

AnoJeliN  Na  ^Cathode. 

aHNoJ  5O  II,     O  H,0     HioJaNH,  +  4H. 

714.  DtssoaATiON. — When  ounent  fh»n  a  maoliino  eutera 
water  by  means  of   fine  points,  deoom|Kwition  occurs;    it  is 


vswMPOsimv  or  salt. 


iii>t,  liowDTor,  eiMUoljfta,  hat  dis$oeialwn ;  both  game  aro  given 
ofT  together  at  each  of  the  electrodes ;  this  i§  due  to  the  high 
toneiona  eet  ii{>  and  the  TEoleaoe  of  the  vibr^tionB  producod, 
aiulogoua  to  the  aotiou  of  u  fldsh  of  lightning,  bo  that  the  atoms 
of  0  and  U  constituting  wst«r  are,  as  it  were,  shaken  aparL 
Similar  dissooiatiou  is  produoed  ohemically  in  water  (as  steam), 
and  in  many  suhalaucus  whui  the  tamperature  or  heat  tanatoa 
riwa  beyond  the  degree  at  which  oombination  occnrs.  This  fact 
has  a  striking  analogy  to  the  diamptire  action  exerted  in 
•lootrolysis  wheu  the  potential  rises  beyond  the  chemical 
afiinitiof  of  the  radicals,  hut  it  haa  nothing  to  do  with  the 
hypothetical  disaooiation  of  §  C$2. 

7 1 5.  lu  the  electrolysis  of  oommou  salt  NaCl,  for  every  unit 
of  oarrrent  one  atom  of  hydrogen  will  be  released  at  the  anode 
tlironghout  the  action  ;  but  none  of  tiie  other  reactions  will  ba 
uniform  :  at  drat  the  action  accords  with  the  ordinary  laws,  and 
for  each  atom  of  hvdrogen  there  will  be  an  equivalent  of  vodiam 
hydrato  at  the  catLode,  and  of  chlorine  at  the  anode. 

Catliode  -  JTnO  Na  Cl^Ka  CI  +  Anodo 

But,  as  the  cauntio  soda  aooumnlatee,  it  carries  a  part  of  tli« 
ourreut,  and  then  oummenoea  a  series  of  complicated  actions 
at  the  auode.  Chlorine  is  no  longer  given  off  alone,  bat  some 
oxygen  aooompanias  it  by  part  of  the  chorine  regeuomting 
sooium  ohioride  thus : 


: 


H  UO  Na  ai 

Cathode  -  ^ — '      V     +  Anodo 

H  Na  OH  Na 


I 


•J16.  Tfa«  same  reaction  also  extends  itself  bv  taking  np  a 
molMulo  of  thv  italt,  and  forming  sodium  hypocttlorito,  instead 
of  Mtting  the  oxygen  free. 


ONa      IlliO      NaOl 


Oftthoilo  - 


II  U  O  Na  CI 


4- Anode 


In  consequence  of  this  and  similar  naoUOBB, eUorates  and  other 
oxygen  siiltji  may  be  formed  at  the  anode  when  chlorides  aro 
oloutrolyMid,  instead  of  the  full  equivalent  of  chlorine  being 
given  oC  In  the  electrolysis  of  hydrochloric  acid,  similar 
results  rtfwur,  and  oxygen  in  not  frw-  iw  well  an  chlorine,  and  th<i 


ELCCntOLYSJG. 

rntiu  of  nxygm  inomucc  lus  tliu  noiil  i"  wi^ukcr,  Ihxmiuku  tkoro  rto 
morv  oxvgon  fttutns  in  thu  vicinity  vf  tlio  oluotroHu. 

7 1 7.  '1  liceo  ixmcttonw.  and  iti>|>urnlii«  fi)r<aiT5-ing Uiuni  out,  h*To 
boon  often  patented  for  blcNivning  iiHr{<iMc«s  uid  will  do  doubt  bo 

tiro6tttbly  otilin-d  for  tb*t  ami  ottn^r  piirjiowM  now  that  olcctro- 
ym  cnii  Iw  obuuply  cfibotvd  by  tliu  <lyiiui»o  und  iituom  engine. 

718.  ThcHu  vArioui  vxuiujiImi  tiavv  lumQ  gcilui^tcil  bccnawo  of 
tboir  ipocini  Kignificanov.  ThvvM'o  conioionly  tronted  m  iiliglit 
oicaptiiirw  from  tho  c«tn1)li»bcd  laws  of  uluotrolynis,  or  ri!Milt« 
of  "  soconditTy  "  action.  Tboy  really  »liow  that  this  indiroot, 
chemical,  or  necomlnry  action  im  a  iti>ttiKii>ii ;  iliaini»eing  it.  wo 
can  UMud  to  that  hiflbcr  law  foimnlatud  S  £84,  witb  alt  ila 
thooretioal  and  pniutiuiil  ranlto. 

719.  In  ul«otrol\HiH  tlioru  in  nu  diVerf  trantfer  0/ iont  tttaa  009 
oloctroilu  U>  tim  ollior,  but  a  cuiiilaul  inttMcluuigO  of  indicals  in 
Odtilact,  wbiob,  owing  to  tlie  nelvutivd  power  vxorbod  at  tlu;  oico* 
trii<lc-«,  t4!n(lH  to  tliu  acc'umiilatiun  ot  two  claMMt  of  radi  ~' 
which  in  (lii!  coiw  of  nidtn  in  nulution  wiitild  ultinmtoly  col 
nil  tho  auida  on  titiu  niili!  and  all  Ibo  biuiL-ii  on  tliu  other, 
du-oriljbd  S  731  :  but  thiH  could  nt-wr  Ix-  uffi-ctud  by  a  cuireut 
equivalent  only  to  thcBo  pruHlnptH,  liiciinso  u  continual  rcTcnion 
of  the  action  and  diffusion  of  tho  producta  gooB  on ;  in  practice, 
ako,  in  a  dupositiug  cell  long-ituKtainod  action  tniuHfera  the 
motnl  of  tho  anodu  to  cathode,  ftut  tho  luiionN  or  dilorous 
radicalx  tund  to  acciinmlato  niont  rapidly,  and  l.hia  hntt  important 
rcHultn  in  L'lcctro-mtitiiiltirgy,  liuoaiiMo  thoy  act  on  tbu  anodo 
and  Hurmuiid  it  witb  a  wituratod  Holution  ;  while  tlio  removal  of 
tlui  motul  at  the  cutliode  tL-ndd  to  prcidnou  a  weak  and  aotd 
solution  tbure,  jiut  whun-  a  dense  metallic  noluUon  la  moat 
duvirable;  in  fact,  if  we  uito  a  neutral  mdution  of  copper 
milpluito  iu  a  cull  with  a  pui'oua  partition,  and  drive  a  ntruns 
current  through,  in  a  littlo  while  tho  anodo  will  Iw  covered 
with  cryatalii  of  nulpbutc  of  copjior,  formed  thiMo  but  unable  to 
diMioIve,  while  the  Holutlon  at  the  catliode  will  be  wo  oshauBtod 
a*  to  give  the  metal  mixinl  witli  hyilmgen. 

710.  The  mode  of  trunnmiBiiion  of  ions,  and  the  way  in  which 
tho  metal  of  the  ainMli;  is  tranHfcrnsl  to  tlii-  cathode,  may  be 
n-proMiited  in  tlio  following  diikgram,  in  which  copper  is  HUp- 
poBod  to  be  immersed  in  aiitphnrio  oeld : 
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1.  CubO.U.bO.H,  SO.H, 
Anodo    3.  Cu  SO.Cu  SO,H,  SO,H,    Cathode. 
+        J.  Cn  eO^Cu  SO.Cw  80,11, 
4.  Od  SO^Cn  80«Cq  SO^Cn 
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Th«  liiMw  tiliow  sneoeflmTo  actions  which  involve  n  irdistribn- 
tion  of  the  nuticftls,  wid  tho  nowly-formod  muloculcM  mako  » 
twml-rorolution  m>  as  to  ronew  tho  pt^r  conditioD ;  at  ooob 
aotioti,  thervforo,  a  molooule  of  coppor  «a]phaCo  is  furmoit  lij 
cofipor  ontoring  at  tho  +  end,  and  hydrognn  leaving  at  tho 
fluthotlo  i  70;  ()),  until  at  length  copper  siilpliato  rouehca  th« 
catJioilo.  aod  ooppcr  can  bo  set  froo  th«ro  inicioad  uf  hj-ilrogoa. 
Tho  sUidiint  should  compare  this  oxplanatiun  with  timt  rvforrod 
lo  in  {  6ji.  But  wbilo  ho  avoids  tho  orror  of  attiibuting  th« 
action  to  eomo  mythical  attraotioD  oxoTtcd  hy  tho  singlo  «lo^ 
trudut  on  opponitcly  oloctrified  ions,  and  cloarly  ratlizcs  that  it 
isamolooufar  iwtion  hotwoen  tho  eleotrodoa  and  tho  liqnid  in 
eontaot,  ho  must  not  overlook  tho  othor  condition  wliich  also 
oxikIj).  'I'ho  elcctiolyta  is  really  ocoapiod  l>v  a  "  lii^Id  of  force," 
Buoh  M  oxistsin  static  chargoc,  and  allitsmolomilvtinrt;  th<;ror<'ro 
under  the  otatio  or  di-olectric  stros-t  which  playa  it«  |iart  in  tho 
aothNi. 

721.  Kxi^KitiuKNTi  in  oli-ctrolyns  arc  rciy  iatensling  ami  iii- 
atnictivo,  nnd  orcry  ono  who  wiahoa  to  undomtand  the  Ktiliji'Ot 
aliKulil  mako  them  for  himsolf,  taking  caro  w  far  as  uowihlo  to 
watch  all  the  qnantitative  relations  of  tho  curront  by  somo  of , 
tlio  means  described  iu  the  chapter  on  moosiireniont.  There  [ 
have  bocn  raany  oomplioAted  f<irms  of  apparatus  dovist-d,  bnt 
tho  mctst  important  eiperimcnts  can  he  performed  hy  the 
sitiiplost  meana  Wires  of  suitable  metals  sorve  for  oluotntdce, 
ami  snukll  U  tnbes  made  by  bending  np  pieces  of  gUtss  tubing 
will  iKTve  for  cells,  the  two  liquids  being  plaood  separately  in 
tho  legs ;  in  wmo  casos  it  may  be  well  to  nil  tho  bend  with  fine 
sand;  straight  longthaof  tube,  claeedattho  bottom  with  a  plug 
of  plaster  of  Paris  or  aabeetop,  may  bo  used  by  dipping  thorn  in 
a  TOMol  of  suitable  oonneoting  lumiil.  Whoa  gMM  are  to  bo 
ooUeotM,  tosi-tuboe  can  be  uxi-d,  hllcd  with  the  liqnid,  closed 
with  tho  finger  or  with  a  piuco  of  Hheot  indiambmr,  and  in- 
TOrtod  ovorfliowiroolcctniilo,  Tho  iniitniinpnt  described  S  578 
is  aluo  aiiitod  to  cK-ctrolytic  experiments. 

733.  By  connecting  kovciaI  snoh  cells  or  U  tiibos  in  series 
the  atndent  will  see  that  the  acids  all  collect  in  one  am.  uid 
tho  fasMs  in  the  other ;  and  by  using  them  singly  and  noticing 
till)  £M  ¥  or  number  of  cells  neodeuto  pnsa  any  given  current, 
he  will  make  cloar  to  himself  the  relations  of  tho  force  and 
obeerre  the  reacting  force  ect  U|v,  whilo  Uio  conditions  of  Fig.  69 
can  be  stndiwl  by  mounting  tho  tubea  sidu  by  side  in  multiple 
arc.  For  instanoc  lot  four  U  tnb«a  contain— I.  Solution  of 
putasstiim  iodide  with  a  litDo  starcli ;  2.  Common  salt,  coloured 
blue  with  sulphate  of  indigo  i    j.  Aiuuiouium  sulphate  wiUk 
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infusion  of  cabbace ;  4.  Copper  nilphate.  Conueoloil  with 
piktinum  wires  wta  pUoed  in  sorieB  wiUi  a  atruug  batter}',  the 
anode  arms  will  show  acid  reactions ;  1  will  be  coloured  blue  by 
frei-'i)  iotline :  2  will  be  bleached  bj  chlorine ;  )  will  redden  by 
Bulphiiric  acid ;  4  will  Hhow  aoid  00  Ittmua  paper.  The  cathode 
arma  will  bIiow  iho  preaenoe  of  the  bases;  t  will  turu  turmerio 
napvt  brown  by  potash;  2  will  do  the  tiuuie  ty  soda;  \  will 
beooino  green  by  aumoDia,  or  blue  if  litmus  is  used  iu  pUoe  of 
oabbai^ ;  4  will  depoait  copper.  Useil  sioKly  or  in  multiple  arc 
witli  increasing  power,  they  will  show  the  forces  ueeded  for 
each  reaction . 

72}.  Oxides  are  thrown  down  in  a  solid  form  from  some  salts. 
Such  are  the  nitrates  and  aoetatca  of  l&ad,  manganese,  and 
bismuth,  from  wbtoh  the  peroxides  as  PbO,  MnO,  are  deposited 
upon  the  anode.  With  the  le«d  suits  very  beautiful  eSccU  are 
produced,  as  the  peroxide  in  different  thiulcDeBses  baa  different 
colours  through  which  the  metal  may  partially  aiijiear.  By 
aotins  on  a  polished  plate  from  a  pointed  electrode,  ruinbow- 
tinlea  rings  are  fonned  on  the  principle  of  Newton's  rings,  due 
to  the  interference  of  tlie  waves  iif  light  reflected  through  the 
film,  which  diminishoit  in  tliioknoM  as  its  di»tjinoo  from  the 
point  inoreaiteK. 

734.  Thin  proown  \n  cnpnblo  of  pmctictl  npplictitton  by  way 
of  oinnmiMiting  motMllic  nurfnctw;  Hitiio  attoiDpt''  in  thin  wuy 
have  bcun  maife,  and  it  oHerKn  jiromiiiing  fiuld. 

Many  ^acti eat  v4t»  of  nleclrol^nt  may  lie  diHCOTorod.  It  offors 
u  cheap  and  (^utivuiiieiit  modu  of  producing  any  choniicol  effects 
which  depend  iiiivn  oxidation  or  deoxideUion  according  to  the 
ulcictri>d<!  iiMc^d.  It  htt.i  many  applications  in  cbc-miciil  unalysie. 
Hydrogen  pMroxide,  S  7: 1,  is  largely  iiitcd  as  a  hair  waith  to  give 
a  golden  colour  (lies  t  loft  undone).  It  is  used  to  purify  f.'xaf^, 
mure  <jT  hnn  piolitnbly.  It  docs  in  hours  )ho  work  of  yeans  in 
Hgcing  \i-iuc  and  npirite,  and  killE  fermentation.  A  very  largo 
ituin  of  money  wa«  alao  extmctod  from  the  Britisli  public  by  an 
ingvniouK  American  who  profbasod  to  rofino  nngar,  and  Prof. 
SitvnnuH  Thompson  desorms  credit  for  having  dooonnccd  that 
prctf^nco  bvforD  it  was  ehown  to  bo  n  del  t  bo  rate  fraud.  In  the 
pr^iducrtion  of  dyi.<s  it  would  Beom  that  olootrolysis  would  be  a 
must  convenient  agency, 

735.  TiiK  WouK  or  Elbctcolysib. — ITio  formula  given  S  GS9 
in  adapted  to  ecioniilio  and  eiperimontal  piirposoBi  but  tho 
amjKirv  i»  too  email  a  measure,  and  oxprcseiona  oorrcsponding  to 
actual  operations  would  be  found  mom  convenient.  Tho  iuui>ero 
hour  is  commonly  used,  but  hns  disadvwitagea,  and  dootmtd 
iiwUiples   of   tho  unit  of   quantity,  mch  as  "meg-coulomb" 
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tlKmgh  fulniimlilo  to  ttio  min<lx  of  Profceeori.  are  not  lilcoly  to 
plewm  nay  otio  olne.  Tho  wnight*  nwl  in  practioo  iir«  tho  msI 
nnita  of  qiiitiitity,  ontl  I  h«vu  culciiUlod  Iho  foltun-ing  tablo.  I 
To  oin)V«rt  tiunK  Rgartm  into  «otiiat  KiibotancoA.  multiply  tho 
one  Mlooted  liy  the  "eloctriovquivmknt.  TaVilo  XIII.  ool.,  6or  u 
ontcalntwl,  of  tUi>  nsjiiiri-.l  sulistarn-p." 
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735.  Let  i  renreaeut  (as  in  S  ^88)  the  one  of  Ihtte  $tUcUA  niid  v 
tho  eleotrio  oquivalent  of  any  nulwlAiiuu,  thvn 

i  X  ■■  =  W  ur  4uantity  uf  the  salnUuce. 

W         f.        leleclrioity  re(]iured  in  tlio 
t  X  •"  ""  I    correeponding  unit. 

Then,;;.-^  =  Current,  and  ^        -r  =  Timo  rotinirod. 
1  imo  Current 

737.  For  practical  operationa  it  would  bo  adrtMtblo  to  trans* 
late  the  Bcientilic  tuniiH  and  valaea  into  corronpondinfi;  Kpocialj 
teriaa ;  that   ix,  iiiMt^iul  of  reckoning  ounvnta   in  amtwrva  to 
measure  them  dirudly  in  tenua  of  tho  epooia)  work  ;  tluM  is.  In 
fact,  using  un  wilarged  "chcniic'*  unit;    thuii  an  ek-ctrutyper  1 
would  moneiire  his  eurrent  in  lvTra» of  ounms  of  coi)por  ])or  hooil 
or  pounds  por  da;r,  and  an  electro-platnr  in  the  ounees  of  sUtoh 
Gormponding  to  tbem.    Then  galvanomoten  oould  be  gradnatedl 
in  those  aDua,  aa  I  have  h>ng  dona,  and  with  one  controlling] 
each  operatioii,  the  workman  would  asdeistond  what  wa»  goiog^ 
on,  and  gucw-work  would  be  converted  into  exact  knowledge. 


128.  Although  oloctm-motellurgy  is  a  purely  proclii^al  art, 
and  its  succcseful  praotico  muy  be  acoomnliBbod  vrilU  a  very 
Biuall  modicum  of  Bcienoe.  this  is  trne  only  of  tlie  factory ;  to 
loaru  it  from  bogks  sncl  solitary  ]iractico,  and  in  any  case  to 
learn  it  intelligently  And  to  pnsB  beyond  the  range'of  mere 
"  rule  of  thumb."  it  is  ncoee«Ary  to  clearly  nuderfitand  tJie 
priiicipleit  in  operation,  and  the  tonus  necestarily  employed  in 
oxplaining  those  priiiciplos:  and  reforeuce  nill  be  made,  where 
re<juired,  to  the  earlier  pnges  in  which  thwo  may  lie  found. 
For  tliift  ni-asoD,  alao,  if  any  owe  hii]ifB  li>  learn  at  ohm:  how  to 
rival  Eikiiigton  in  the  art  of  electro-plating,  or  even,  having 
got  a  Siuee  cell  and  half  a  piut  of  gilding  aolution,  to  at  onoo 

(iroceed  to  gild  his  watch-cAse  or  chaiu,  he  may  aa  well  resign 
liniself  to  disappointment  1  he  ninsl  go  through  an  apprentioe- 
ship  by  first  learning  thoroughly  how  to  deixxit  0[)]>]ier  in  any 
required  condition  ;  this  is  a  ohenp  and  mauageable  procexM, 
and  all  the  socruts  of  clectrcxinctnlltirg}-  can  be  learnt  Uic->c, 
and,  once  maj>1i-rod,  siicoem  in  the  other  departments  is  assured, 
and  oTilv  slight  iimtnictions  nru  noccssary  for  each  special  ooee. 
719.  The  first  thing  Msentinl  to  bo  considered  ia  tha  aourc-e 
of  the  current  and  enorgy.  On  the  largo  scale  that  would  now- 
a-days  oertaiidy  1>o  the  dynamo-machine,  and  if  expeot4^d 
readers  were  mainly  intent  on  bnaincn  oonsiderationa  it  might 
be  well  to  begin  with  duttcribiiig  the  various  kinds  of  maoluties 
obtainable.  Diit  wldroeiung  rather  experimentalist^  atadenlti, 
and  general  rvoders.  who  may  often  be  quite  out  of  reach  uf 
anything  but  what  thoy  can  provide  for  themeolvcs.  I  prefer  to 
meet  their  n-q ui rumen tK.  Rut  the  principles  arc  the  simio  for 
all  Riodea  of  wurking,  and  all  that  I  have  to  sny  will  be  e4>ially 
applicable  t<f  working  from  niachini-a  um  from  battorios,  on  the 
nianurncturing  b(miIc,  as  in  tumhleni.  Tliu  ^ncrul  [■rincipIcM. 
and  partieiihint  an  to  the  tuniroe  employed,  will  be  found  in  tbi- 
ohaptom  Tolatiug  to  thorn. 
^)o.  Tbo  bftsui  of  all  knowledge  ut  uxporimcnt,  and  the  very 


7;;.]  oKntttXL  psisctPLBs.  376 

MBODce  of  ozporitnftnt  is  exiictDom ;  and  this  Utter  cftn  be 
obtAinod  only  by  regular  meastiratoonts,  a  ntattor  nraly  attended 
to  in  olMlrtKinGitaUuTgy.  It  is  imponiblfi  to  urge  too  atroDgly 
atiko  npon  th«  loamcr  and  tha  pnccical  operator,  tho  adTantaga 
of  kooping  in  tho  circuit  a  suitable  galvanomct«r,  which  will 
always  show  whether  operations  are  going  on  properly,  call 
attention  to  any  irregularity,  and  moMtirD  at  every  instant  the 
Bctaal  work  duing,  while  showing  the  e9«ct  of  any  variation  iq 
tho  conditions.  In  thin  way  the  work  itaelf  boob  teaohM  its 
laws.  For  most  pnrpoKos  in  mi^tulturgy  a  vertical  instrumsnt 
is  best,  AN  csplainod  §  ^64.  For  exporimentul  pnrposte,  howevftr, 
tho  instninirnt  j  j6i  is  cxprosslyadaptod.and  galvanoinotcn  to 
•bow  cnrmnt  in  amporus  aro  now  oasily  obtiiitmblo. 

7)1.  Tlio  priniiiples  and  dtooossos  of  elect ro-raetallurgy  ma; 
be  dMsifiod  itnd  stuiliod  undor  sovoral  distinct  boads,  asa  »ounu 
knowledge  can  bii  obtained  innut  K«dily  by  earefully  distin- 
guiithtng  these  heads.  The  in«re  nroceMi  of  roinuving  the 
several  metals  fk-om  their  soliitiona  in  a  ]»ui  of  the  gencnil 
theory  of  electrolysis,  of  wliloh  it  is  a  practical  applicntitm : 
that  theory  therefore  should  be  oarehlly  studied  in  Chapter  IX., 
so  that  wo  niay  secure  the  metal  in  snob  oonditions  of  whwion, 
oolour,  At!.,  a*  wo  desiro. 

J31.  There  aro  two  distinct  ebjeots  sought. 

(i)  To  fonn  a  fn-eh  object  in  metal  which  is  to  have  a 
Kparate  existenou  of  its  own,  and  must,  thervftire,  {KSMeM  a 
oerUiin  substance  and  stivngth ;  this  is  called  eloctrotyping,  as 
forming  of  oonper  plates,  solid  tchmU,  duplicate*  of  eoinn, 
medals,  Ao,  and  divides  itwelf  into  tho  two  casLii  of  deixmitit  on 
metala,  and  on  non-meUllio  uiodels,  tlio  furmatioa  of  which  has 
to  1)6  undertaken. 

(1)  The  newly  formed  metal  ailhorea  to  that  on  whi«h  it  Is 
placed,  and  which  it  beautiflee,  or  protects  froiu  atniosjiherio 
and  other  intloanoee.     'litis  is  oalkd  eieflro^latin(f. 

7}}.   This  cJunllcation  would  apiKur  to  ho  tho  really  im- 

Sortant  one,  bnt  lhi«  is  not  the  esse;    for  the  remit  is  simply  a 
ettil  of  Ibo  Brpt  head  in  tho  iicxt  daaeificatioQ  to  he  oon> 
Bidered. 

( I )  Tho  preparing  of  the  object  to  be  deposited  apon,  includ- 
ing monlding,  dauimgt  Ac. 

^a)  Tho  actual  deposition ;  selection  and  making  of  the  re- 
qaired  solutions,  and  regulating  tho  electric*] ener]^  forthedna 
porfbnnanoo  of  thi^  required  work, 


(i)  Tho  iiniKhing  nS  the  completed  wotlc 
TTio    ' 


firvt  Itnd   last  of  these  are  in  the  main  meohanioal 
operalions,  and  may  bo  considered  together. 


7U-  '^1^  PsEPARATEOH  or  TUK  OiUKyrrs. — Tho  fini  qoMtion 
to:  Do  we  require  an  adfaorent  depoeit.  •  enperiiciat  plating; 
or  do  ive  wisk  a  removablo  costiof'.  an  cloctrotypo  ?  Tho  fint 
onn  inly  he  obtained  upon  a  metallic  §iirfaco.  and  that  a  mot&l 
Dnt  fkcted  npon  by  the  solntion  to  bo  used  :  thna  it  is  in  vain 
that  Mre  may  try  to  f;et  a  coating  of  copper  on  an  object  of  zinc 
or  iron  in  a  aolation  of  snlphato  of  copper.  This  oomoa  nuder 
tlio  second  head,  however. 

7];.  To  obtain  an  adherent  depogit  there  is  one  otaential — 
olcnnlineHB.  And  this  means  the  perTcclion  of  that  virtue,  not 
Biioh  cleanness  marely  as  will  satisfy  a  scnllory-maid.  or  even 
bt^r  tiiistri>sB.  as  lo  the  plates  and  dishes,  bat  chemical  cleanness, 
tho  absohtte  abscnco  of  any  foreign  matter  whatever,  as  suoh 
muttur.  however  clean  to  ordinary  ideas,  is  dirt,  as  Lord  I'almer- 
stori  defined  it,  matter  in  tho  wrong  place.  Thiia,  a  piece  of 
ai  Ivor  or  cold  taben  off  a  shelf,  however  bright  and  clean  it  may 
look,  would  not  take  an  adhoront  coat  if  [nit  i»toa  copporins  or 
■ilvering  ooll  and  deposited  upon;  on  bnriiiiiliing  it  jirobably, 
on  beating  it  certainly,  tbo  coating  would  biintcr  niid  atrip. 
The  reason  is  that  every  aubstanoe  haa  a  lilm  uf  air  cloaofy 
attached  to  it,  and  tho  dopoaited  metal  forms  uu  this  film  and 
not  in  molecular  contact  with  the  metallic  surface ;  thus,  in  tho 
case  considered,  the  air,  however  pure  it  may  be,  is  dirt — i.e.  it 
is  in  the  wrong  plaoei  botwwo  two  surfacoa  wo  want  to  be 
themselves  in  absolute  molecular  oontoct. 

7}€.  If  a  surface  has  bocn  cleaned  to  porfcctiim,  ami  it  bo 
touched  with  a  dry  finger,  on  that  apot  tbo  dc^Kwut  will  bo  non- 
adhoront,  and  in  mnnycuaoa.  if  cleaned  by  liijuid  procoiiHca,  eron 
a  momentary  exposure  to  air  will  oauao  tho  formation  of  a  film 
of  oxide,  &o.,  which,  infitiitcNimal  and  oron  undiiloovorablo  u»  it 
may  be,  will  still  prevent  ad!ivr>;nco ;  ao  that  it  ia  of  oxtromo 
importance  to  uiidi-rntand  what  i«  mpaut  by  chwuioally  oleau, 
and  how  to  nocuro  that  condition,  if  it  la  doaircd  to  avoid  tho 
most  mortifying  diKikppgiutmcntH. 

^jy.  If  wo  dosiru  a  nou-adhrrent  n'movabledcpfmit,  wo  ru(|uiru 
ordinary  cleaDlinma,  thti  removal  of  cxtrnncKJUa  dirt,  hut  wo 
must  avoid  absolnto  eU-nDnta*,  S  750. 

7)8.  Articles  may  bti  cleaned  either  by  dry  or  wet  procettvoa, 
tho  first  conaista  mainly  of  bruahiuK  with  the  aid  of  polinhiog 
niatoriala— fine  silver  aand,  emery,  tripoli,  whiting  and  rouge — 
aiicording  to  the  nature  of  tho  article.  It  shoTild  be  obserTed 
liuro  that  whatever  condition  wo  desire  iu  the  finished  article 
vm  miiMt  produce  in  tlio  ubjuot  before  commencing  dL-poaition : 
bright  parts  should  be  burnished,  and  all  roughness  of  work- 
manahip  anioctbcd  aS,  and  all  file  marka  and  soratobes  oarefully 
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rvinoTCil.  But  for  ulheront  oonting*  nljtitiltitQ  finiiihot}  polislt  is 
not  deoiniliUi,  i>n<l  wliilo  it  in  jinjjier  tu  liurniiih  tho  re(iuire<l 
partji  HI)  im  to  givo  »  cliNtn  finish,  yet  befuro  boIiiaI  dcpotiilion 
tliiH  litirniKh  nhuuM  t)u  Kliglitl}'  nmioved,  m  {wrfvot  adheranoo 
JM  liw*  VMy  tt>  olituiu  (in  iin  nlwolut^y  smooth  Hnrfnoe ;  an 
inHt*iit*H  i.lip]iinf;  in  itrong  acid  iti  eiioucn  to  give  thv  liurtiished 
miTfkw  llio  Oftpnrity  of  Ailhoniuvo  witbout  uotiirionttiag  from 
t1)(i  bvnuty  of  finish. 

719.  TbAroiareaaontoBuppoMi  tluttthe  detKwit  is  not  in(M«ly 
a  Mmiwioa  uf  two  diutinct  Httrfaoeii,  bat  tlukt  tliu  dr]Kwitvd  tn«tal 
pc-nctrat4yi  lo  sanui  duptli  within  the  uurracc  niid  fomiK  n  pnrtial 
alloy  or  uhomiual  union  :  the  hnrd  litiruiahtHl  Kiirfitoo  woiiH  lond 
to  re«iat  this,  wtiilo  the  opeii  grauulatod  surface  lott  by  tbo  ncid 
would  &cititAte  tho  union. 

7^.  The  beot  cleaning  and  poUshiog  appontuu  is  in  th«  form 
of  circular  tinialiM  mutinted  upon  a  latne :  in  factorien  lbi«  ts 
alwayMemplovvd  iu  the  form  of  the  Bcratoh-brutib  laih«.arougb 
affair  driwu  by  steam  or  b^  a  oouimou  treadle,  with  dtliiiKH  to 
supply  a  couatant  drip  of  rarioua  liqutils  found  to  Eaciliiate  tliv 
ootion,  such  as  soap  and  water,  atalo  alo,  &c.  Amateurs  who 
have  no  latho  employ  ooibiqod  hand  1>rui>heH  of  bri«tluH  of 
various  dogrcea  of  stiffitesa:  for  tlie  harder  work  of  cltntiing, 
the  wire  "  card  "  is  Teiy  useful ;  and  for  the  inor«  delicate  work 
•oratcih-bnuliea  are  employed,  iu  the  form  of  bundles  of  very 
fine  wire  Iwund  round  with  etrouger  wire  which  is  anroDcd  as 
the  wircH  wl-ut  down.  The  same  sort  of  brushes  are  employed 
iu  finitihiug  off  the  articles  after  depontiou.  These  Dwttcrs 
being  purely  mechanical  utd  self-ubvioos  to  any  000  after  a 
little  pntctiud,  it  is  not  ueoeasaty  to  go  farther  into  detail 
about  them.  For  the  rougher  work  emory  hats  now  oome  into 
luuoli  use :  a  disc  of  wood  fitted  to  tud  in  a  lathe,  its  edge 
provided  with  a  leather  surfaoo  to  which  ornery  is  attached  by 
good  thin  glue,  doHi  at  well  as  oxponMve  dii«c«,  and  a  still  more 
useful  arrangement  is  s  long  strip  of  leather,  likf'  a  driving 
band,  ooatcd  in  a  similar  msDn^'r.  and  driven  nt  n  high  spL-ol. 
PoltahiDg  brufihee  are  also  made  of  Btripe  of  calico,  ice.  attached 
to  a  diso  and  mu  at  such  a  speed  that  the  su-calkd  centrifugal 
force  makcti  the  flying  ends  net  very  cfTectively. 

741.  Mauy  metallic  Hnbetanoes  it  im  advanla^vouii  to  hcstand 
plunge  into  acids;  but  this  most  not  Iwdoue  witli  objoct«  which 
are  solderod,  or  whoee  temper  or  hardncMi  it  is  novowury  to  pro- 
Borvo.  As  a  rule,  the  first  thing  U>  lie  done  (when.i  this  heating 
is  itiapplioablc)  is  to  remove  the  gnuuty  filmn  wliich  most  objects 
ttOjiiiri'  (tithcr  in  iwe  or  course  of  maun  fact  un.^ :  this  is  offooted 
by  bulling  and  rubbing  in  a  solution  of  caustic  soda^  a«d«  Vfj 
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boiling  about  3  lbs.  of  oommon  voAn  cryHtalfl  with  milk  of  lime, 
produced  hy  eUking  |  lb.  of  qnioklimo  with  hot  water  and  well 
stirring ;  thU  will  produos  a  gallon  of  suitable  solntion,  ^m 
which  it  is  not  neccuRnry  to  remore  the  carbonate  of  lime 
fonned,  »*  it  will  nssist  in  tho  cleaning.  Tho  boiling  must  be 
effected  in  an  iron  pot,  not  tinned,  as  fin  would  bo  diAolved 
and  depoeit«d  upon  objocbf  nftiirwnrds.  Afterthis  alkaline  bath 
th<3  obJL-cte  lilioiild  Iw  wvll  woxhcd  in  e<-v«ral  waters  or  nnder  ft 
running  stream.  Tlii-y  nrv  next  clcnuod  in  acids,  and  again 
very  carefully  wmehcil  Ijpfori?  ptis»iiig  into  the  dopiiaiting  vessel ; 
bnt  this  stago  rt-qniriis  11  (.-liisaifiod  oorndderation  bwod  on  the 
several  mvlals  "f  which  tliey  are  coniiKUKii). 

SitiKf  may  Ui  wnsliiid  in  dlliitv  nitrio  ncid,  then  dipped  in 
strong  nitric  ucid  for  nn  instant  and  nTwhod.  It  will  roqnire 
no  furtliur  troutment.  There  mnjit  bo  no  bydrochtorio  acid  or 
ohloriRQ  salt"  pnwi-iit. 

74J.  Copjirr,  fcrviju,  and  Qerman-nlvfT  nro  immcTVi^  in  a  pickle 
oompoBod  of  wator,  100  parls;  oil  of  vitriol,  100  parts;  uitrio 
acid,  sppcifio  gmvit^-  1 -),  50  parts;  hydrochloric  add,  i  part*. 

I'liv  nitrit!  iti.'id  m  of  the  strength  sold  as  doubUf  aqiiarartJfl, 
An  acid  preparui)  for  thi;  iiiirpusi)  is  sold  as  "dipping  acid." 
Twii  vessels  should  be  employed  for  this  Roid ;  one  frnh,  for  a 
final  dip  of  an  instant  or  two,  and  one  partly  spent,  in  which 
tlio  principal  cleaning  is  effoi^tud.  If  tboro  arc  green  spots 
of  venlignK  i)n  the  object,  these  should  Urst  bo  romuved  by 
rubbing  with  hydr<whlorio  acid. 

74}.  For  copjtoriiig,  this  cleaning  would  be  enough  ;  but  for 
silvering  and  gilding,  it  ia  l}ett«r  to  coat  tho  surfiu'u  with  • 
thin  film  of  mercury.  Dissolve  1  oe.  of  mercury-  in  nitric  acid 
with  ]  pnrtM  of  wat«r,  and  ditutu  to  t  gallon;  a  grey  coating 
will  furui  on  thi:  objeols  dipped  in  tliis,  which,  on  bniHhing 
softly,  gives  pluoe  i»  a  brilliant  coating  of  mnrcury  ;  tho  tdiioot 
should  M  transferred  to  the  deposiling  cull  tho  innlant  this  is 
obtained,  othorwise  it  soon  tarniBbes,  and  will  rc^quira  frtsh 
preparation.  There  sbonld  bo  a  littk-  fiev  nitric  add  in  this 
mercury  solution,  and  whonever  there  forms  a  bltick  deiMxiit 
somewhat  adhering,  the  mercury  is  beooming  exhausted.  Solder, 
lend  edges,  Ac,  give  much  trouble,  as  it  is  very  hard  to  provi-iit 
n  Itlflck  line  funning  at  the  junction,  which  prevents  Hilv<.>r 
taking  ;  the  remedy  is  t-^  first  coat  them  with  copper  ;  to  n  noft 
brnsh  (oamel's-hair  pencil),  tie  one  or  two  thin  iron  wires,  so 
iH'ut  that  the  point-H  cluscly  follow  that  of  the  brush,  which  is 
to  Iw  dipped  in  »  weak  solutionofnitroto  of  copper,  prepared  hy 
dissolving  the  nu^tal  in  weak  nitric  acid  ;  draw  tiio  wot  brush 
orer  the  laldor,  the  iron  touching  it ;  a  reaction  is  set  up,  which 
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MUS08  the  capper  to  be  depo«dled  to  a  thin  ndhontit  film,  on 
which  the  eleotrio  deposit  will  fix  itiwlf. 

744.  Sribuntia  wutai,  pneUr,  (in,  uiui  Uad  Hhoald  not  he  dipi>«d 
in  the  acid  pioUe,  bat  riiiMN)  in  «  fn-ah  oauatio  aod«  or  potub 
Bolniion,  aud  tnnsferrod  at  once  (without  paadng  into  water) 
into  the  eolation  for  Hilveiinjr.  The  reuoin  is  that  tlw  oxides 
of  tin  and  lead  are  eoluhle  in  oauetlc  alkalito,  while  the 
prodoota  of  the  action  of  iwiila  are  not  soluble  in  water. 

7^5.  /ran  awi  rtM  are  soaked  in  a  eolation  of  i  Ih.  of  oil  of 
Titrio)  in  a  calluQ  of  water,  with  a  litlte  hydrovhhirio  and 
nitric  aoids  ndded.  Cast  iruu  miuiivs  eomevrhnt  eVmtig,tir  solu- 
tions and  very  careful  mhbiiig  with  aaud.  Ac,  Steel,  on  the 
other  hand,  lequirM  weaker  solutions.  They  may  of\en  be 
eleotually  aod  Bi>cedily  cleaned  by  troatiuf;  them  as  anodes  in 
this  solution,  using  a  plate  of  copper  as  a  cathode. 

746.  Ziitr  may  be  treated  simiUi-ly.  but  it  i§  desirable  to  finish 
with  a  dip  into  stronger  acids  before  the  final  wufainc-  Ho«t 
of  the  (V«nch  "bronaw"  are  made  of  sine,  and  some  do  well 
for  BJIverint;  on,  In  those  last  oasM  no  copper  or  other  metals 
should  bo  dipi>ed  in  the  baths,  and  soldered  joiuta  must  bo 
treated  as  desoribed  above. 

These  latlur  olHase«t  Tec|uire  sjieoial  preparalions  and  txcat- 
meitt  in  the  de]ioficiii;{  buths,  but  the  Mine  dawificution  applies 
there,  and  the  detaila  will  bo  (pren  when  ttMtiog  of  the  de- 
poeitiuz  proocawa  tbeuuelvee. 

747.  i*KEPAiti50  Old  Wokk.— In  reulatinz  old  floods  it  is 
essential  that  the  former  silver,  fto..  «boald  bo  removed,  othor- 
wise  a  black  tine  forms  at  the  juuotioiia,  and  sound  de[Hjait 
aaatiot  be  obuinod.  In  faotoriea,  thisi  in  usually  effected 
aeobanioally  by  the  soratoh-bnish.  with  the  aid  of  oil  and 
mtUtnstone,  and  iho  debris  are  collocted  and  leduoed  to  reooror 
the  metals.     The  metals  may  also  be  removed  obemioally. 

(1)  To  mmiffe  (iiJtt. — Immerse  in  strong  nitric  acid,  and  add 
cnratals  of  common  salt :  whon  the  acid  is  exhausted,  evaporate 
U>  <lrynaM,  and  fuse  with  soda  or  (wtasb  to  obtain  the  gold. 

ti)  To  renwt  Sitcft. — Immerse  in  nndilutiHl  oil  of  vitriol, 
addorystaleof  iiilratu  of  potash  (nltpetre),  and  hc«l.  This  may 
be  dono  in  a  copper  rossol.  When  SMDti  dilate  largely,  and 
throw  <lown  the  «ilvcr  with  sorapa  of  sine,  or  a*  diWide,  by 
aihling  hyilrocliloricBcid.  The  silver  mar  bo  reoowrcil  from 
tliin  by  fiiKing  with  carbonate  of  so<la,  or  by  mixing  with  duo 
outiiiigN  anil  Hulphurio  acid.  This  prooosa  otn  lie  need  witli 
ci>pl»rr.  0<-nDnn-«lvcr.  or  ovi-ii  brwiN,  but  not  iron,  lowl,  or  its 
alloys  :  thmM  shiMild  l>e  pliu«d  an  anodes  in  a  Hilvering  solution 
which  will  not  ntinck  the  lowi-r  mHalx. 
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(x)  To  remove  Copper  from  silror,  lioil  witli  dilute  bydroohlorio 
aoia. 

(4)  To  rtimore  Tin  and  Lead. — A  hot  aolntion  of  {Mrdtlorido 
of  iron  (jowollor'H  roii^  or  tho  drnggiit*'  carbonaio  of  iron 
disHolvecl  in  favilrochlonc  ncid)  will  dlHsolro  copper,  tin,  or  liiiil 
without  attAukini;  silver  or  gold. 

748.  VKS8EL& — For  nil  tho  foregoing  prcKowc*,  no  l>otU!r 
veftdcla  can  bo  hnd  thuD  tho  boat  hud'  brown  (tnrthuiiware ;  for 
email  articlcH,  n  kind  of  biulcot  ia  mndo  of  thin  ranteriHl,  with 
handle  f'>r  ilipping  and  &)iii):inc  nhoul.  Tho  namo  maturiol 
is  araiUblo  fur  the  ptuting  tiijtiids  thcmiielvc«,  though  glaM  » 
prefoniblt!  for  Hmnll  oiMiDtions.  For  wii^hing,  it  in  wiOl  to 
arruigo  «  KiivoeMaion  of  veflsi-l«  witli  spiiuts,  ur  sliglitly  inclined, 
at  such  a  lovvl  bolow  each  othur  ihut  a  Btreiun  ut'  wutvr  will 
flow  from  th<'  highest  to  the  loweEl,  no  that  l>y  ntjiidly  pmtKing 
the  object  from  tho  loweat  upwiirde,  it  is  perfectly  ck-aned  ;  fur 
aniat«urE,  tho  simjdost  pinn  ib  to  hold  them  under  a  wator  tup, 
and  remove  them  in  «  nan  of  water  elraight  to  the  n(Mt  Htogu, 

745.  CoNSltcriONK.— All  tibjects  mnet  be  Bel.^^TolJ■  vonn«ot«d 
olectricully  with  dopjwr  wires.  Whtro  it  in  noHnible  thetM 
should  bo  soldered,  bnt  usually  tho  connoolion  h»«  to  bo  one 
of  mere  contact:  for  lurge  objoots,  sovoml  wiron  ithould  be 
provided  ;  for  «aall  ones,  nMvh  itn  anoonx  or  forlcx,  littlv  Ktimips 
of  No.  JO  or  jl  wire  ure  lx*t,  iiiod  to  a  stouter  wiru,  and  the 
poiuta  of  o'>nttict  with  the  object  should  be  frviiucntty  Hhiftcd, 
othorwinu  it  will  be  defucvd  by  a  mark  whim  finiKbod.  For 
thin  roiuicin.  the  wire  uotuftllv  in  oontacl  with  thu  nljiiet  nboiild 
ulwa^-H  1k)  ax  tiniaU  us  punsiblo,  thcjugh  it  niay  ho  lixnd  U>  a 
Htontcr  wire  at  a  abort  Uistan^^  ThdCKi  (.■onuuotionH  should  bo 
lixcd  nnilcr  water,  and  witli  the  hands  Bcrupul()tir>lv  clean.  It 
IH  an  advantage  to  pa.ss  the  wires  ihrough  a  i>mi>ll  glutia  tube 
reaohing  above  llie  k'vcl  of  thti  liquid,  so  as  to  ehoclE  depoait 
upon  the  wire  itself.    For  oonnooting  uou-metallio  objects,  aoe 
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750.  Removibls  Deposits.— BijoTKOTVi'Ka. — The  <ihjoct«  ou 
which  theas  arc  to  bo  formed  tihonld  be  mndo  nimply  clean  by 
tho  removal  of  loove  dirt;  if  molallie,  they  should  than  be 
lightly  rubbed  over  with  t  tuft  of  collon-wuol  muintenc-d  with 
turpentiue,  witli  a  pi«eo  of  buoaw»x  the  sixu  of  a  poa  dinsolvod 
to  tlio  quarter  pint ;  tlila,  when  dry,  will  not  interiuru  with  the 
deiKMtit,  hut  will  provL'nt  adhetiiim,  Tho  hack  oud  all  porta  not 
intended  to  be  deiHiiited  un  should  ho  covered  with  varniah  or 
wax  for  acid  aolutuma,  or  treattid  aa  dcaoribcd,  f  76;. 

7<;i.  Moulds.— Many  objeutshave  to  bu  dApont«u,  not  on  the 
origiuale  themvelvea  but  qpoo  oopica  or  mouloa  mad*  from  thta, 
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and  some  judgement  i»  nooMsaiy  in  solectinff  tlto  boat  inatori«Li 
for  tlie  purpuM :  w»  likTo  to  ooosidor  (i)  what  th«  ■iuit4>ri«l  of 
the  orixiuM  objtict  in,  juiii  {])  the  nifttonal  which  will  work  bc«t 
wilh  tliiii,  and  aim  Kiiit  tho  ])ixh)o«  of  dopoaition  t«i  bo  tuwxl ;  wo 
must  iibt  MM  a  niateriul  wbicli  might  ii^nro  tliQ  origioitl,  or  l)o 
acted  on  by  tha  solntitfnif,  thiit  latter  being  tbo  OMO  witb  till 
resitLS,  wax,  and  itearino  in  oj^nidu  Kolntiontt.  Wo  should 
nigard  finit  tho  objeotit  to  W  moulded  from,  tlio  proooMoa  b«ing 
ooDsidc-icd  iuthe  order  of  th<;ir  ajIrnntAgo. 

^1 )  Metallic  objecU,  eoitut  and  rofdatt,  dc,  oro  moulded  from  in 
ftiBible  m^tal,  guttuperolui  and  niarioo  gluo,  pluittor  of  Paria,  or 
compositiuu  ;  t£e  eurfaue  iihould  gcnorol^  bo  rubboil  witJi  aweet 
oil  to  i>rt>veiit  adltcHiun ;  or  if  it  in  not  objootionublo,  iimy  may 
bo  well  noliskcd  wilJi  ]>loiabagu. 

(2)  Ptatier  eoMlt  may  be  inoaHed  from  in  plantvr,  in  which 
oam  iboy  munt  bo  reiuk-rud  jwrfuut  tKin-aliBorljent  by  Iho 
BwaDH  described  i  754 :  thuy  may  also  be  copied  in  composition, 
in  which  case  they  must  not  Im  no  prepared,  or  tho  object  and 
tuould  will  adhere,  but  muHt  lio  mi  saturated  with  water  that 
the  Borboe  ia  moist  bat  nut  wet,  at  whioh  stage  the  oomposition 
can  be  poored  on. 

(})  Wax  or  tfilphur  may  bo  monldod  from  in  plastor. 

7J1.  FueiBi.E  Mktal  ou  CuicttEE. — This  material  haa  the 
adrantage  uf  nxiiiiriiiK  no  prepantion  to  render  it  condnotiug, 
and  is  oouiiecta)  by  mmply  prHtiDg  •  hoatod  tinned  wire  on 
any  suitable  h])ot,  oiid  protiicting  by  vamisb  tbo  part*  not  to  be 
deposited  ou.  Tho  principal  obioctiun  to  it«  use  is  the  deamGea 
of  Dismulb.  lo  which  tho  rondy  ^u»ibility  is  duo,  Tho  mixtures 
moat  available  ore : 

Tin.     iMimiKj.  Bianatli.     Fom  *t 
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Tlie  metala  are  rooltod  and  added  in  tho  order  xliown,  nlinvd 
well  ti>g(>lhor,  and  grnniilati.(l  by  pouring  gontly  into  water. 
I'ho  ulloy  nhoiild  1m  malted  nnd  graniilatvd  twu  or  tbrvw  tiiuoB 
to  innuri;  ooniplirtu  mrxturo.  Tho  tdIuci  of  tht-M:  binmulh  alloyal 
ariMw  from  their  asxuiutng  a  pos^  condition  beforo  twtting,  and 
oxpandiug  tn  cooling,  thus  talcing  a  very  sliorp  improMJOo.  K 
srjiall  paper  ooM,  such  as  n  pillbox  ooror,  a  fitth)  1iirg«r  than 
tliu  medal  li>  bo  oopied,  is  slightly  oilod,  nod  Miflioicnt  melted 
alloy  is  poured  in ;  it  is  then  placed  on  a  table,  and  stirred  witK 


a  pi«GB  Df  cord  till  it  beonm«a  pastjr ;  itB  snrfaco  is  then  liglitlj 
pwopt  tiw  of  any  oxid«,  hy  passiDg  the  edge  of  a  card  ov«r  it. 
uD'i  llic  incdul,  whit;h  Hhould  be  attacJied  to  a  holder,  in  bronght 
Khnruly  mill  firmly  Juwu  upoD  the  metal,  pmwd  till  it  sets, 
lUiil  Ult  till  c(nd. 

Spmi'.e't  Melal,  whioh  is  an  easily  fuiiible  metallic  sulphide,  is 
un  qxotillcul  Eiiitliji'iiil  for  taking  oaaU,  and  the  prooees  is  very 
Himilar  l<>  tliut  wit.li  fu&ible  luetaL 

7^j.  GrriAPBRcaA  is  a  good  moiiMiuK  maleml,  and  takes 
liUukleud  vt^iy  rL<fi<tily;  but  as  it  sbriuks  in  coaling,  it  most 
nol  be  iised  Ui  surruuud  any  object,  as  it  would  not  be  ntniovable 
without  injury ;  fur  the  same  reason  it  reqiiinis  to  bo  kept  under 
atrbng  presstir«  until  cold  ;  it  is,  therefuie,  best  adapted  to  fiat 
ol)ji-cla.  It  should  be  well  softened  in  boiling  >vater,  worked 
togeilier  in  cool  water,  and  again  heated  to  boiling  temperature 
and  formed  into  a  ball,  which,  being  applied  to  the  middle  of 
the  aiirfuoe,  is  worked  out  in  all  directions  so  as  to  proTeut  any 
air  being  enclosed  ;  as  soon  as  tho  whole  is  evenly  covered,  it 
sltentd  bo  put  under  a  weight  l^o  cool,  for  which  purpose  a  copying 
prena  answers  perfectly.  For  largo  s'irfaceaslieets  may  be  tised, 
but  they  Hiuflt  be  new,  as  gattaperoba  0xidi7.es  aud  forms  a 
hani  tiiirfuou,  which  would  break  up  and  defaoe  the  luould. 
Tboy  should  bu  warmed,  one  edge  br()Ught  carefully  in  ooutaot, 
and  the  sheet  gra<luatly  lowered  while  an  asxistant  pretees  it  up 
to  the  objeut.  A  mixture  of  two  parts  of  guttuperoha  melted, 
and  one  part  marine  glue  added,  la  in  some  respects  superior  to 
gnttapeicha  alone.  The  glue,  which  has  many  ui>i».  In  h<Mt 
bought,  as  it  is  tronblesomo  to  make ;  it  eonxista  of  t  lb. 
caoutchouc,  soaked  for  twelve  days  (till  diswlvud^  in  four 
gallons  of  coal  naphtha;  to  each  pound  of  tliis  liriuid  two 
{Mmods  of  shellac  are  added,  and  heated  in  a  cIommI  vcasuI  till 
incorporated,  For  guttaj^ercha  moulds  the  objects  should  Iro 
lightly  oiled  to  prevent  adhesion.  Uuttaperohit  is  not  nuitablo 
for  nse  with  cyanide  solutions,  either  as  uiouIdM  or  for  lining 
of  cells,  as  it  is  slowly  acted  upon. 

7Sj(.  l'LA:=TEii  or  I'AiiiB. — This  is  sidphate  of  lime,  or  gyjwuin, 
deprived  of  ita  water  of  crystallisation  by  heating  to  500^  Fahr. ; 
if  heated  beyond  this,  it  loses  its  power  of  setting.  Tho  plaator 
eltould  be  freeh,  and  it  is  best  to  warm  it  before  use,  in  an  oroa 
or  over  a  fire,  till  it  babbles  slightly ;  *  it  should  thoa   bo 

*  A  v)i-r  curium  i>lioii0ii)«am  Mcnn  durSoK  tlii*  hvntini  of  plutcr  and  maojr 
oth«r  p«wd«n;  (hvy  nuumo  ■  cmflilion  likv  Haiilll;.  nnri  mny  ba  nirrod  liki 
water:  Mm*  sttrihui*  thii  To  dec  In  Rut  140  mi  mutQAl  re|iul>mn  of  th(  molg- 
<d1«  ;  but  1  tbink  it  ii  da«  rimplr  te  tht  cipaailon  of  tba  lllin  <•(  ta[whieb  toati 
eikcbputlslt,  u  In  f  ;j;,  awl  wbicb  alw  oaablu  a  ocadl*  l«  lUat  gpoo  watar. 
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dropped  lightly  ioto  a  Teaaol  of  wat«r,  tbo  «xoet«  of  w«tfir 
ponred  off,  uid  tlio  material  wockud  up  to  u  pcuito.  Tb«  ulijuot 
to  be  copied  is  oiled,  and  if  flat  ia  placed  iu  a  iVaine  aud  o»vt.-ruil 
with  the  plaster,  bruslied  in  to  Monn  tneiota  from  bubbles, 
and  then  plaster  is  pnored  over  till  sufiioieutly  lluuk.  It 
should  be  allowed  tu  set  tboruu};h1y  bofoiti  retuuval,  aud  theit 
baked  gently  to  remove  uioiBtiire.  It  innst  be  aatnrated  with  a 
nostiDg  mediiiiu— laltuw,  stt^ariue,  or  pardfBu ;  tlie  beat  plau  is 
to  place  the  mould  with  its  face  upwards  in  a  veaael  ojQtaiiiiii^ 
a  little  of  the  molted  subeUnce,  and  heat  till  the  protecting 
agent  baa  been  drawn  to  the  sorfitoe  by  oapillary  action ;  then 
warm  the  mould  gently  to  remove  any  exoeas,  aud  allow  it 
to  cool  before  applyiug  the  plumbSjga  Some  use  boiled  oil, 
bnt  it  retinites  to  be  thoroughly  dned  before  it  is  trusted  in 
tho  solution.  Moulds  well  uiide  can  be  repeatedly  used,  and  the 
saturating  material  ctu  be  recovered  by  boiling;  iu  water,  when 
the  mbstanoe  will  melt  and  form  a  film  on  Like  water  when 
cold. 

7J5.  Wax  CoMTOsiTiON. — Many  materials  have  been  rooom- 
mended ;  the  object  of  the  mixtures  is  to  prevc-tit  undue  ehrink- 
iug:  this  is  partly  efiisoted  by  addition  of  nowders,  such  as  plaster 
of  Paiifl^  lea  oohre,  or  pinmbago  (powaered  Knphite),  which 
aoBiBte  in  producing  a  quiok  and  eren  coating.  Th«  boit  mijcturea 
are — 
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The  wax  U  th«  ytiOxm  bveewax,  and  tho  ttMbriao  »uoh  h  ia 
used  for  compoiition  oandlm.  Theao  should  bo  m&lt«d  together 
gently  two  or  throo  linn*,  and  pound  on  thu  tiiodrl  just  ne  part 
of  the  material  begins  to  aet,  not  while  fluid.  The  object  is  to 
be  oiled  and  placed  in  a  flat  Teasel,  or  if  ronnd,  an  a  com,  a  picoo 
of  paper  should  1)0  tied  round  it ;  it  should  be  tdightly  inclined 
when  tho  mntorial  ia  poured  on,  ao  that  thiH  may  riau  steadily 
over  the  surface,  aud  drive  off  all  uir-hubUoa ;  when  nt,  the 
paper  band  is  removed  and  the  whole  allowed  to  oool  for  MTOnl 
Iiours  before  the  mould  is  detached.    See  also  i  -jGo. 

7j6.  SoLio  OsJBTn. — Aloulda  of  Uieoe  have  to  be  taken  in 
two  separate  parts.  They  shuuld  be  budded  to  half  llivir  depth 
in  fine  §and  or  other  powder,  in  a  oiae  large  envugli  for  the 
purpose,  with  peg"  pnijoctinjt  from  tlwi  surfiiou  of  tho  sand  ;  the 
muulding  umtorial  is  thun  puiirud  on,  and  when  cold,  the  case  is 
reversed,  all  the  eaud  rcniovod,  the  aurfaoo  triuuncd  and  pre- 


iiarviil  to  pri^veiit  adhcmuu,  and  niaturiul  is  poureil  on  eo  ae  to 
ncloao  tue  object  eutin-ly ;  wliuii  oold  tUo  two  halve§  are 
tie[>arato(l ;  dc-puaits  m«j  be  maclo  upon  each  mould,  aud  tUe 
laAgta  miik'd  with  solder.  Soma  objects  maj  require  more  tliaa 
two  dlvisiutjfl  of  tlje  tuotild,  but  liy  aimilar  meaua  (wLich  are.  in 
fact,  the  ordiuar^  prooeu  for  oaating  metals)  amy  oompUcated 
object  ma;  be  oopied. 

757.  Busts  and  Usdercct  Objeots. — The  1att«r  cannot  be 
moulded  from  direct.  Tbey  can  have  a  mould  taken  in  the 
elaatio  material  next  described ;  in  this  may  be  formed,  of  wax 
oompoaition,  a  duplicate  of  tlieobjeot,  from  which  a^in  a  mould 
may  be  made  of  plaster  and  the  wax  melted  out,  thus  produoiue 
u  hollow  mould  which  will  be  ueceutarily  impervious,  and  >n  tehicn 
the  depo§it  can  be  efTt-cted.  TIcIlow  silver  vessels  have  befia 
made  in  thin  way.  by  de]Kisiting  a  copper  coating  on  the  wax 
duplicate,  which  boiii^  molted  out,  silver  is  depoeitod  within 
the  copper,  which  is  then  dissolved  off  as  in  i  7,}7  (j),  or  by 
making  the  object  the  anode  in  sulphate  of  copper  solution. 

7j8.  Elastic  Moulds. — tiluo  is  soaked  in  water  till  soft,  and 
then  meltod  in  a  water-bath  as  usual,  and  to  it  is  added  ono- 
fourth  of  its  dry  weight  of  treacle ;  this  forms  an  elastic  com- 
position such  as  pnuters'  tollers  are  made  of,  and  may  be  melted 
and  used  many  times.  The  model  is  placed  in  a  vessel,  both 
duly  prepared  to  resist  adhesiou ;  if  the  model  is  hollow  it  is 
filled  with  sand  and  a  stout  paper  pasted  over  the  opening,  and 
the  oompoaition  poured  gently  over  it.  After  standing  2^  hours 
to  set,  the  whole  is  shaken  out  and  a  sharp  clean  knife  run 
through  from  top  to  bottom  in  the  mostsaitable  line,  when  with 
care  the  mould  may  bo  opened  and  the  model  withdrawn ;  the 
monld  is  then  closed  and  a  stout  paper  cylinder  formed  around 
to  support  it.  Thiamouldis,  of  course,  unfit  to  Uf4e  with  liquids; 
a  ittBia  model  is  formed  wttJiin  it  of  some  mixture  of  wax,  &o., 
the  oompositioa  of  which  is  intended  to  produce  a  UMterial 
which  will  take  a  good  cast,  and  will  also  melt  at  a  heat  which 
will  not  injure  the  mould,  for  which  reason  aUo  it  sliould  bo 
IkiurhI  in  just  when  it  begins  to  set,  not  when  joat  melted.  Equal 
parta  of  l>uc«wsx  aud  reain,  with  a  little  tallow  and  iiowdered 

f;rapfait«,  uiuv  lie  used,  but  the  preparation  dusurilHHi  5  760  ia 
wMt  for  forming  deposild  direct  u|>on  the  model. 

Gelatine,  1  part  dry,  and  glycerine  j  parU,  lure  rcoommeuded 
instead  uf  glue  and  truaoK-,  us  more  tenacious. 

739.  KWtio  moulda  may  bo  prepared  to  resist  the  action  of 
liqtiJdti,  by  adding  U>  the  mixture^  unmediately  before  uhu,  about 
1  per  cent,  of  bit^romate  of  potash,  or  the  monld  itself  may  bg 
pWod  for  a  minute  or  two  in  a  strong  solution  of  bichromate  of 
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potMli,  whicb  malcM  golatino  iosoltiblo  when  exposod  to  &  stronf* 
light.  Thia  is  the  bi>sia  of  tho  photogmphio  proceos  of  litho- 
graphy &ud  other  modes  of  reprodaciDg  drawings,  Ac 

760.  l'u-ke!i'§  luftterial  oonsuta  of  5  lbs.  beeswax,  and  J  lbs. 
de«r'8  fat  melte<1  frentlv  togotber,  with  £  os.  or  8  oe.  of  tbo 
loUowiug  Botution  added  : — 

Pkc^honu  Sdatitm. —  1  part  by  weight  of  phosphorus  dis- 
bo1<red  m  15  of  bisulphide  of  carbon  i  this  bos  the  property  of 
leduoiD);  nitrate  of  silver  and  chloride  of  gold,  weak  Ktlutions 
of  which  are  ti>  be  provided  and  employed  as  described  S  ^Gi. 

761.  Insejcts,  Flowsks,  LAC>;,8ndmany  other  delicate  oDJectfl, 
ean  be  -^iven  a  beaatifnl  motoUio  coating. 

(t)  ImmerttcinaBol'itioncompOBedof  thephoephonusolnttoQ 
(I  760),  to  which  ia  added  (in  proportion  to  1  lb. of  phosphornB) 
I  Id.  wax,  1  piut  opirits  of  turpentine,  and  )  o«.  of  caoiitchouo 
diflBolved  with  i  lb.  of  asphaltnm  in  btsiilphide  of  carbon. 

(3)  Immerse  in  BolutioD  of  nitrate  of  GJlver  containing  aboat 
I  dwt.  of  silver  to  the  pint.  I'ho  object  blackens,  wbon  it  is  to 
be  removed  and  washea ;  it  will  then  take  »  depont,  bvt  will  be 
improved  by  the  next  eolation. 

(|)  Immcree  in  solution  of  chloride  of  gold  ooDtainiDg  4 
grsiiu  of  ^old  to  the  pint. 

TLu  objoot  ihoald  be  first  careflilly  attached  to  the  connoctliig 
win  befim  immersion,  and  waahed  by  gentle  diiiping  into 
several  waten,  not  with  any  greftt  agitation,  aa  tne  metallio 
ooaliog  i»  a  mere  tiou-adbi.'rviit  dust.  By  thia  process  uay  be 
made  the  moat  beautiful  iibjeot^  to  bo  oouoeived,  hy  oambl 
•election  of  feathered  (^raaaea,  uud  some  of  the  finer-leaved 
fiowen;  coating  with  silver,  oop|i«r,  and  K'^ld,  and  prodadng 
different  colours  on  these  metulK,  which  sliould  of  course  be  in 
very  thin  filnia ;  tliey  need,  however,  to  be  nut  under  a  glass 
■hade  cemented  to  its  stand  soss  to  !>»  air-ti^Ut. 

76].  Slt^nl  enamente  may  be  made  also  from  tho  finer  FUisn 
snd  other  earthenware,  ooveiwl  in  this  maimer  and  varieosted 
with  I>ri>;bt  and  dull  parts  and  colours.  BdI  the  best  mode  of 
depoaititig  tnelata  upon  glat*  or  MrrAmMrc  ia  to  Lave  jiptld  pat 
npon  tbem  by  the  usual  pruceaa  of  buruiug  in,  and  then  de- 
positing ujion  this;  in  this  way  mountings  can  be  attjiched  to 
the  edgM  of  veeaula,  or  metallic  figured  btiilt  up  aa  oniajnents, 
flret  ill  copper  and  then  silvered  or  gilt  and  colouredat  pleasure. 
Leaves,  Ac,  may  l>e  copied  by  taking  a  6at  ehei-t  of  warmed 
guttajjcrcha,  dusting  over  with  gold  bronze  or  flue  plumbago, 
laying  on  tbe  leasee,  scAweed,  Ac^  then  covering  with  a  polisMd 
metal  plate,  and  aorewiiig  up  ioa  pret«. 

76}.  A  French  prooess  is  said  to  be  u^kkI  wbiob  would  bft 
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Sltkd  of  eome  use  for  aluj^  These  arc  wtutlied,  left  to  aoak  in 
istaUed  vrttet,  then  boiled  alowly  and  the  Bolution  filtered ; 
thfi  proportion  of  slugs  and  water  ia  not  gi«tn.  l>ut  j  per  i»nt, 
of  nitrate  of  silver  is  to  l*  added;  this  af.lutkio.  henneiioolly 
cloHed  mid  kept  in  the  dark,  will  rem»iu  good.  With  twice  ita 
bulk  iif  water  added,  it  is  used  to  dip  delicate  objeota  in; 
after  a  few  momenta  tbey  Are  dipped  into  a  ao  per  ooaU 
Holntioii  of  silver  nitrate,  and  then  exposed  to  sulphuretted 
hydra;;eii.  wliicli  ri-'dutn.-s  the  «ilvei'.  PossiUy  alnga  mi^ht  bo 
usoriii  ill  plioto;;T»pli}'  in  plaoe  of  albumen. 

764,  ('oNRUcTiso  S (IRK ACE. —The  beat  known  prooeas  of  ron* 
doring  the  siirfMOi-  <if  non-metal  lie  objects  conducting,  ia  to  ooat 
thetu  with  a  film  of  [ilnmbago  or  blacklead.  Tlie  ordiiury 
article  achl  for  household  use  cannot  lje  relied  on;  it  is  best 
obtained  of  a  dealer  in  scientific  apparatus,  booau&e,  tbousb 
tliey  oharge  a  long  price  as  ooiupared  with  ihe  corotuon  artiole, 
a  little  alao  goea  a  very  long  way,  and  much  troTible  ia  aaved. 
Gas  oarlion,  if  very  carefully  ground  in  water,  answers  perfeotly. 
The  connecting  wire  should  bo  adjusted  to  tJie  mould,  by 
itqbodding  in  the  plaster,  or  in  other  materials  hy  warming 
and  iin;idfiing  in,  and  grunt  core  must  be  taken  to  have  tho 
ntumbiigo  liliu  in  oontiiet  with  this  wire.  In  large  moulds  it  is 
(li!iiira)>lo  U)  arraijge  tlie  conductor  before  moulding,  and  to 
Bolder  to  it  (ivithin  the  apaco  to  be  occupied  by  the  mould)  a, 
number  of  fine  wires,  with  their  ends  touching  various  partit 
of  the  olijeot,  selecting  potnU  not  likely  to  k«  delaced,  and 
especially  the  deepest  points  of  any  cavitiee ;  the  points  of  these 
wires  will  form  so  many  junctions  with  the  plaiDbaga.  Wi^ 
inedab,  Ac,  it  is  best  to  take  a  wire  all  round  uia  cdroumferenoo. 
Wires  may  be  applied  during  the  first  period  of  dei>aBitiDg,  ao 
iw  to  touoh  the  finished  mould  on  its  face  and  form  temporary 
ooimtsctions  which  ar«  to  be  taken  away  as  soon  as  a  eomnleto 
lilm  hail  formed  over  the  whole  surface.  Sai^  wires  should  bo 
ri^ndured  mm-conducting,  exooptat  tho  points,  by  painting  over 
with  rariiisli,  so  >hut  they  shidi  not  take  deposit  tiiemsulvea. 
The  ptumliago  isbontappliod  with  a  camel's* hair  brush,  working 
it  lightly  in,  and  occasionally  breathing  lightly  on  the  surface  it 
llie  powder  does  not  raadilvadhortt;  whrn-tliom  isobsltnatdnon- 
adhwion,  the  spot  may  be  held  for  un  inntAut  ovt^r  tho  mouth  of  a 
bottlooontiuningspinls  of  wino.  In  some  caWM  plumbago  is  un> 
suitable,  as  when  a  hollow  vessel  much  uu<lcTciit  or  chased  is  to 
booopied;  in  ihiscoso  tho  phomiborusHolntiun  §  76omAy  housod. 

Some  i«oommend  placing  the  mould,  iluMlod  with  fine   iron 
£i}hig»,  in  a  dilate  solulion  of  sulphato  of  copper;  tlii«  pro- 
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cif>it»ti4 ft lilni  of  ooppor  muil,  which  i*  to  bv  gently  l)nbihed  ovar 
thu  bUokleftdei)  sitrfaoo  and  into  hollowu  so  as  to  outko  ft  tUn 
lay  or  of  coppor.  upon  wliich  the  deposit  fomift. 

76;.  Sffpping  off. — Whetevor  plnmbftgo  bu  Aocidontally 
t4>uobod  parts  not  intended  tobe  deposited  on,  and  aW  in  mcKlab 
when  only  the  faoo  is  to  be  copied  and  yet  thoro  ia  a  wiro  oil 
round. every  part  not  to  be  deponted  on  should  bo  CMttod  with 
a  non-conductin)f  film  ;  either  reain  or  varnish  or  nicltod  whx 
will  ansirer  in  acid  eotutions,  but  paraffin  thinned  with  bonxvHno 
may  bo  genorallv  nscd. 

For  eganide  nvluli-iWf  eapecially  when  used  hot,  the  very  best 
oopal  ramish.  with  a  little  roii;^  mixed  with  it,  is  probably 
the  best  stopping.  But  a  eompoaition  is  used  consisting  of 
QlawT  resiij  10  parts,  beeswax  5,  i-ed  sealinR-was  4,  and  rouge  or 
croona  j  parta,  all  of  the  very  best  quality  aud  melted  together. 

766.  Laws  of  ELEi3TKo-MCT*LnrRaT. — The  geuerallawsof  the 
electric  oironit  studied  in  Chapter  VII,  guveni  tho  deposit  of 
metals.  In  the  older  worlcii  ou  ihe  aubjeot,  two  terms,  Qiumtily 
and  Intensity,  were  muoh  dwelt  on,  and  the  ideas  thu^  set  forth 
still  retain  their  ([roand  aud  cause  much  confusion.  It  was 
apoa  these  ideoa  that  the  luodingaDd  most  original  writer  npon 
tae  mly'ect,  Smee,  haned  his  taws ;  and  in  order  to  derire  Erom 
these  past  taboura  what  Rood  Uiey  can  now  fnruiah,  and  tboD 
show  now  muoh  more  adVantnguouH  are  the  rMults  of  later 
knowledge,  I  will  now  giro  an  almtract  of  Smea's  own  experi- 
ments and  the  lawn  he  duiluot'd  fmm  them. 

76^.  iJMEx's  Laws,— When  a  metaltio  solution  is  subjected  to 
voltaic  actiuu  the  melalis  leduoed,  but  not  always  in  the  aamo 
state.  If  we  dip  a  knife  into  a  solution  of  copper  sulphate, 
bright  copper  ia  deposited ;  but  if  we  inimcno  a  piece  of  eiue, 
tlie  copper  ia  thrown  dowu  In  a  black  powdary  masa.  Again,  if 
sine  b  uaineiwd  in  an  ammonlacal  solution  of  copper  sulphate, 
the  melal  depotdtad  Is  brljclit,  while  Iron  In  a  dilute  and  aoid 
•olution  of  the  sulphate  reduoes  black  metal.  Though  theaa  are 
simple  ehemit;alactionft,lheNainediven>itYuf  ditpuAit  i^  obtained 
eleoirii-ally.  If  vre  take  a  Hatatatod  solution  ofoippitr  sulphate 
and  \>a^f  ihrough  it  a  feeble  ourrvnt,  cry itjt Hint:  c'0|)per  is 
deposited;  if  we  dilute  the  solution  with  two,  tliivu,  or  four 
timee  ita  bulk  of  wuter.  the  metal  Lt  iloputitvd  iii  a  flexible  con* 
diti<m  (which  Sium  calls  "  reguliue  ") ;  ou  dilution  to  a  very 
great  extent,  the  metal  deposits  an  a  fine  blii«k  ]iowder.  By 
placing  iu  a  bdl  vessel  quietly,  so  that  tliey  do  nut  mix,  a 
strong  solution,  theu  a  weaker,  and  lastly  water  with  traoea  of 
aoid.afteralittle  while  a  {>erfect  gradation  of  Htreugth  '*''®*^'rtJ; 
and  if  two  copper  pbt^e,  ext«udiug  through  all  the  slrar  '^       ' 
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conncrloil  to  one  gKlvKiiic  coll,  the  vaiying  coiiditioiiR  will  pro- 
duce all  thcM  «Iuses  of  d(>pc«it  at  the  same  tiuie  ou  a  diiKle 
tleclrixle — black  powder  at  top,  reswlino  metal  at  ihe  iiii<ldl(.s 
CT^stalHiie  c»t>|)er  at  the  bottom.  From  ttiu  fact  the  ooucliMiou 
is  to  be  drawn  tliat  the  texture  of  (he  deposit  depends  oxKn  the 
alroiiittli  of  tlie  Holiition.  Attain,  takiiijf  a  itolution  of  ooppor 
wttli  aoid  to  ntako  it  a  aood  conductor,  and  tising  first  &  very 
Binall  cell,  theu  two  or  tliree  ordinary  oella  anaDired  in  wriM, 
atvd  ttieti  a  alron^;  battety,  we  get  witlt  this  one  BoTution,  Bnt  ft 
oryhtalltne,  then  a  legiiliDe,  and  finallj  a  blaok  deposit ;  tihowing 
that  tlie  amount  of  eteclricity  paaainf;  aUo  ooutroUi  ihc  iit4tt« 
of  the  deposit.  Therefore  "  we  are  forced  irTedatibljr  to  the 
oonolusiuii  that  to  obt>in  with  certainty  any  partioulAr  EwtftlUo 
deposit,  wc  moat  re-;ulate  the  jfalvanio  power  acrtiully  p<Wl^l^ 
to  the  atreiiK^h  of  the  metallic  solution.  This  ia  tno  f^il^PH 
mental  principle — the  very  essence,  in  fact,  of  *'clootro-mi»t«I> 
lurgy."    Uence  am  doriv*-d  these  Iuwm  :  — 

I.  Black  depotit  is  produced  when  tho  oiirrciit  U  ho  Htrotig  a» 
oomiiarud  wltu  the  atremath  of  the  solution,  that  hydrogen  in 
set  im:  at  th«  n^^tive  plate. 

II.  CV;f«fa'iin«  m^Idf  i«  dopoHlod  when  the  current  isBOwoalt 
M  oomparod  with  the  solution,  that  there  is  no  tendency  to 
0 voire  hvdrogen. 

in.  Metul*  are  rmliiocd  in  the  regtiiiiw  Mate  when  the  ourrent 
MO  halancna  the  stKngtb  of  the  Huliilioii  that  it  ia  inxufflcient  to 
BOttially  st-t  gna  free,  out  prodtxtit  m  atrouK  tendency  thoroto. 

There  are  also  two  fonna  of  crgMaiiine  ihrjiotit — i>iii)  of  a  nandy 
luow)  oharaeter,  due  to  deBcieuey  of  tlie<iuauUtyof  unnvnt  in  a 
Ktrong  Holntion  ;  the  acooiid  to  a  Urge  ([uaulity  of  (-nrrt^nt  na 
oomimred  with  the  tiiKe  of  the  platv ;  tbim,  by  uniug  a  largo 
nno(le  with  a  amall  cathode  in  a  strong  solution,  hirge  crystals 
of  extreme  hardness  are  nioduced. 

768.  There  can  be  no  oonbt  that  Smeo,  by  sotting  forth  these 
ideas,  did  niuuh  towards  derdaping  oleotro-m<italhirgy ;  yet 
they  are  only  ^-«r^' {Kirtially  true.  The  exiKtrinK^nlal  luiw«  are 
impcrfeoly  uomjirehendiMl,  and  lh»  lawn  detluivd  aru  tn<w|iablo 
of  exa<!t  appliuitiou. 

Any  one  nhu  ban  masteriHl  the  relation  of  current  to  force 
and  rcwistance  will  see,  when  U  is  pMnted  out,  that  the  funda- 
mi;iital  experiment  is  faUaoioiui;  lor  though  the  same  battery 
and  L-lectroilett  are  acting,  the  rate  of  coireiit  will  vary  at 
different  heights,  and  no  certain  deduction  can  lie  made,  osoopt 
thin — of  BUprumo  practical  importai.>.'e— that  Htratifi^«tien  of 
I'tJoUquids  should  be  carefully  avoided  \ty  freii'ivnt  Hlirriug  up. 
filiugSivident  that,  in  such  a  stratified  somljoo  M  is  dencnbed, 
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each  Uf  er  baa  different  conditions  of  reatHtance  and  counter 
£  M  F,  and  tbeTeforo  an  aitev«n  distributiou  of  oniTsnt  nsnliB. 

769.  Stbskotk  op  SoLonotJ. — An  iuHtmclivo  experiment 
mav  be  airanKwl,  which  does  teall;  ahow  the  relation  of  depoait 
toatreiiglli  of  eolution,  by  prepanag  bU  cells  oonUintng — 

I.  Sattirated  i»i>lutioB  of  ooppor  sulphate. 

3.  „  „  w  1  fart,  n-at«r  1  part*. 

J"  n  i»  M  *  t»  4      " 

4*  n  n  II  1  K  "      »■ 

5.  ..,   .  ■  .  ..  J  Pftrt^  w»t6r  I  part, 
containing  ,^th  its  Tolam«  of  milpniiTio  aoid. 

6.  I  part  of  No.  5.     Water  1  pait. 

These  being  arranged  in  Eeries  by  means  <>f  pUtfS  of  copper 
I  X  I  inch,  coated  on  one  sido  with  paraffin,  nec««8arilv  naro 
the  onrrvut  etjual  in  all.  By  using  plates  of  this  sixe  the  relations 
of  current  to  area  of  surface  are  also  studied. 

Inauch  an  experiment  I  found  dlflerenoea  in  the  qualities  of 
the  ooppev  but  not  as  in  Smce'a  experiments.  The  teachings 
an  to  ntmngth  of  solution  and  ita  iiifluouoo  were  but  small,  for 
I  found  gooil  deptiHitA  in  all,  with  great  nages  of  ourront.  The 
tcudiiiig  «a  to  qualils  of  solution  was,  lioworer,  importaut>  fur 
iit  uU  oases  the  deposit  iu  No.  %  wna  by  far  th«  beat — bright 
(xdonrod  silky  surface,  «ven  in  IliickHcuH,  and  tough  in  t«xtura ; 
No.  6  oamo  next  and  No.  1  wan  the  wont. 

770.  The  real  laws  of  el«ctro-D>e4allutgy  are  the  ordinary 
lawa  of  the  corctiut  known  aa  Ohm's  formulin,  and  those  of 
H66J-4.  Wo  have  to  baUnoe  th«  volUg«  of  the  aouroe  and 
th«  nwiatanoe  of  the  dapoaiting  oetln,  by  lliti  formula  K/B  =>  C 
to  the  rate  of  (lepoeit  w«  require,  and  wu  must  legulato  lilit-  demilg 
efOte  current,  fi  77;,  by  tho  size  of  nurfui^i;  wo  have  tu  depuatt 
ui>oii  and  the  i|itiuiiy  of  metal  wo  wish  to  proJuoo. 

771.  £iwlromotive  /orce  afaould  bu  kejit  >ik  low  as  ia  oousistcnt 
with  pnijivr  Hiioed  of  working,  bvoauMi  it  is  expensive,  especially 
witli  biitt>;rtuii,  and  injurious  if  too  griNit.  Each  reaction  has 
au  K  M  F  suitod  to  it ;  mure  is  wastv,  l>wuum:  iiixtvail  of  iiddiug 
celln  to  forcu  the  work,  wo  ought  ti?  correct  the  rc«iatikUoes  to 
thu  natural  conditiuns  of  tho  work.  The  quostion  of  oost  is  of 
liMs  moment  whvru  dynamo  DiaohincH  aru  umvI,  but  tlm  quality 
of  the  inutuIanditaooloarharotobeconHidervd:  with  inadiinea. 
howev«r,  wo  have  goDOTally  providotl  an  E  M  F  in  oxecas  in 
wlukt  in  nxiuirocl,  and  tho  process  of  managviuont  coustsla  of 
lowering  it,  either  by  adding  rcsistenous  or  by  shunting  vif  a 
portion  of  the  oorrent. 
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773.  Tho  B  M  F'e  of  the  batt«rioa  ntwful  for  «lt>ctro-m«taUurgjr 
are,  rougUy  and  for  aveTstrfl  working, 

I.  Copper,  i!inc,in  acdd       ..      ..      ..     volt  *) 

a.  Platinised  8U7«r      „  -5 

).  Daniell      ,  i- 

4.  Nitric  acid  cells       „  f6 

Tho  K  M  F'«  required  for  dv]>u»itiag  noetaltm  about  ;— 

I.  C>i|>[K^r       -volt       'Jtoi 

a.  Silwr       „      1-5  H  a 

J-  Si'^i'is "      -5  ..  J 

4-  Niokol      ,        "7  „  1-5 

That  18  to  say,  1  Smoo  or  Daniel!  is  enough  for  coppering,  3 
Smeen  or  i  Grove  for  Bilvering,  wliilo  gilding  mny  do  elFiMlwl 
with  from  t  Sme«  to  i  Groves,  according  to  the  cundittons  of 
the  work ;  providing  in  all  cawH  power  is  not  wasted  by  neod- 
]e«B  leBiBtance,  bad  Qonnections,  thin  wires,  &c ;  bat  higlior 
Ibrcea  are  required  to  obtain  quick  de|)c«ite.  In  fuct  th«  rc«l 
teitt  in  all  ciuttw  >a  the  jiruJuctiun  of  that  litrmily  0/  current  which 
vxporteaoe  proves  to  be  best  adapt«d  lu  tbo  purticular  solution 
und  ttie  aotual  work. 

77}.  RetUUtHeet  should  be  balanced  so  as  to  1)0  ulioiit  equal  in 
battery  and  cell.  ThisiDay  be  ronghly  put  thus :  the- mi rf aces 
ex|>OBed  of  rinc  and  negative  in  battery,  of  objoct  and  nnudo  in 
depositing  cell,  shonld  all  have  nearly  th<!  SAinu  arva  (except  in 
gilding).  The  mistanoo  may  be  greatly  varied  in  tho  douosit- 
lug  o^  by  clianges  in  size  of  anode  and  diatanco  apart.  Thns 
it  will  be  seen  in  H  6S0-},  that  in  soine  oases  it  is  ven*  dosirablo 
to  havQKimediBtaucf  botwuon  the  plato  and  tho  object,  which 
iuoreasos  res  iota  ncv. 

It  is  desirable,  howevor,  to  use  largo  [iliitM  id  tlio  balterv, 
because  large  cells  work  beat :  and  tJieu  if  ainall  ohjects  only 
are  10  be  deposited  on,  external  resistance  (as  a  leogih  of  wire) 
may  be  intjoduood,  eaongh  to  redi)c«  the  current  to  tho  proper 

Sroportion ;  or  it  the  construction  of  tho  liattvrv  )>enuits,  the 
istanoe  between  the  platm  {'it  that  io  tlio  cell)  may  be  iu- 
oreasecl  snttciently  for  tho  purpose,  or  a  smaller  anode  may  bo 
nsbd,  though  this  is  often  disadvanti^ous, 

774.  The  most  convenient  n^lator  is  something  like  the 
oouiuutator  of  the  galvanometer,}  }$a.  It  can  ho  made  on  a 
board  about  td  inches  loug ;  at  the  one  end  is  a  strong  meul 
pillar  oonncct«d  to  the  -f-  *^(  the  battery,  and  having  a  strong 
^I'lDg  Cfonooled  to  its  upper  part,  wbiob  tr&Toraes  a  nutober  of 
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BtTi<lii  arrangfld  in  «  mniidrclv  «roaDi)  it:   from  tboM  »  wijf] 
boginningst  Ko.  i  ntud  gooa  to  and  fro  along  thobonn),  betwMa 
p<-gB  And  (bff  Btvonil  ituda,  sa  tiint  n«  Uiu  sprinj;  travi'tsew  tho 
Ktiidii  it  incrowKsB  the  lungth  of  wire  in  the  circuit :  tbe  vira 
inny  iklsu  bo  thinaor  ns  it  lengthens. 

775.  Dbmsitt  OV  CuRiiENT.— AcixuxliDg  to  Ohm'n  formula  wo 
e»n  cnlciil«t«,  knowing  the  olumiintH,  tho  current  jinKlnoud  in 
nny  ciutr.  Tlitw  taking  1  Datiivtl  cdl  n  i  vult  furoo,  and 
oMniniing  tlio  total  resistanoe  as  i  ohm  in  a  circuit  in  n-hioh 
ooppor  i«  boing  doiMMitcd,  wo  baru  i  ampore  por  Mcoad,  or  a 
ouiTont  oqiinl  to  »uont  ;  '63  ohotnu*  or  znin  oqaimtonta  pur 
ton  hoim,  whirh  would  bo  sfaown  on  tho  galranomotor  nwduated 
a«  in  $  }6}:  cithor  unit  would  giro  tho  actnal  wi^ignt  of  an^ 
motnl  pir  hour  by  tlio  piMpor  cquivnlcut*  S  7J4,  but  tlio  chomio 
givcH  it  direct  in  erniuB  por  hour  by  the  doctrio  cciuiviiltint 

Thin  is  tbo  fcrfoi  current,  and  it  is  ortdont  tliat  tlit>  conditions 
of  thft  dopoait,  ibo  inmlity  of  roeial,  4c.,  will  dopond  wholly  on 
tho  vxtcnt  of  xirfnoc  ovor  which  it  is  spread ;  on  a  largo  plato 
it  might  bu  a  mcro  film,  on  a  wire  it  would  bo  a  thick  coat. 
"Hiis  IS  what  is  meant  by  density  0/  current.  Kow  llicro  is  a 
relation  between  density  of  cnrrent  and  the  state  of  saturation 
of  tho  deponting  aolatiou,  and  tboy  incnwse  together;  the  moro 
dense  onr  current,  iho  moro  rapid  our  deposit  (not  from  the 
Bolutiun  or  total  doposit,  but  for  a  gircn  area),  the  stronger  our 
■olutioD  may  bo,  and  must  be  to  get  good  metal. 

776.  'I'h«  reason  is  obrioos,  and  it  is  the  same  that  I  frequently 
roTerred  to  in  doaling  with  batteries.  The  action  takes  melaj 
only  from  tho  iilm  of  liquid  in  contact  with  the  object,  not ' 
from  tho  bulk,  $716;  if  the  metal  is  removed  moro  <|uiclily 
tlian  moro  diffusion  will  replace  it,  hgdrogen  wilt  come  ojl'  mixeJ 
viUi  thf:  mpfal,and  a  rotten  uepoeit  results.  The  strong  solution 
defers  this,  and  permits  a  greater  rate  of  deposit ;  motion  in 
theli^ntd  also  defers  it.  and  permits  greater  "density  of  current" 
simply  by  bringing  fresh  supplies  of  motal,  which  tcndtf.S70i,  to 
aocninnlato  round  the  anode. 

But  vory  strong  solntions  have  drawbacks,  to  be  afterwards 
considered  ;  and  we  cannot  conveniently  altor  the  strcugtb  of 
our  solutions  continually.  We  must  ascertain,  then,  what 
rango  of  density  of  current  suits  our  ealntions,  and  tbeu  be 
careful  to  keep  the  conditions  within  that  range.  If  the 
density  of  current  be  too  ^reat,  we  cet  a  sandy  or  even  black 
powder  as  a  deposit ;  if  it  M  too  eli|;;ht,  we  got  a  crystalline 
brittle  deposit.  Happily,  the  range  is  cunsiderable  within  wbioh 
good  resuils  may  be  obtained,  9  781. 

777.  Yet  this  BUbjeot  is  rarely  treated  philosophically ;  tb« 
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facts  are  known  and  tho  matter  is  tooEcly  <1e8cnbo(l  in  works  od 
the  giibjoct :  but  until  it  was  folly  gone  into  in  this  work,  no 
dclinit«  information  was  giren,  faocauM  no  defimtc  ideaui  had 
boen  formed.  The  nnit  of  "  donsity  of  current,"  first  proposed 
here,  wan  "  one  oheinio  per  aqmre  inoli " :  it  is  th«  tnost  con- 
venient and  natutal  unit,  but  while  (5  170)  the  chemiciBtho&Mt 
unit  to  eihibit  prtneipla,  tbe  ampere  is  aooopted  and  in  g«nenil 
uee,  and  roust  be  used  for  practical  applicationa.  Therefore 
tbe  most  piactioal  nnit  is  "  0110  ampero  per  equare  foot,"  which 
is  about  ^  of  iiiy  old  unit. 

77B.  The  object  of  having  a  galvanometer  in  circuit  will  now 
bo  seen,  as  well  as  the  special  a<lvantAge  of  the  forms,  S  i^t,  or 
olhore  graduated  in  actual  units.  Any  galvanometer  will  show 
if  all  is  goiuK  ^^  ''■ght,  but  Ihese  show  at  a  glance,  not  only  tho 
total  work  doin|{,  but  will  tell  ue  the  <iiiality  of  metal  depositing, 
and  finable  us  to  regulate  the  conditions  to  produce  the  effect  we 
deeire. 

77^),  Tetuion,  pret»ur€, or  voitagt  now  eiplain  ihti  efl'ect*  fonuoily 
attributed  to  "intensity."  We  are  cont-emed  with  thom  at 
present  ebieOy  as  part  of  tbe  ooiiditious  for  maintaining  the 
reqiu«it«  ciirrpnt.  But  tbcy  hnve  abio  another  bearing  to 
which  little  attention  haa  yet  lK«n  paid.  As  seen  S  665,  the 
electrod<^a  act  us  condenser-platen,  ana  the  rooleculea  in  oontaet 
with  them  will  n«c««Mrily  be  under  diffeifnt  conditions  ac- 
cording to  the  BlreRscs  to  wbicli  they  ar^  Bubjeot,  whivb  depend 
upon  the  E  M  F  of  the  circuit,  the  resistauoe  between  the  plates, 
and  the  pio|)orlion  this  bears  to  the  total  re&istance  of  tlio 
circuit,  'ilie  reciiltiug  effect  of  higli  tension  at  the  electrodoa 
(that  is  to  say,  of  a  great  distanoe  or  resistance  between  them, 
overcome  by  using  high  E  H  F)  isa  deposit  of  hard  metal ;  low 
tension  produces  a  softer  metal,  and  thu  dilforenee  is  due  to  the 
molecular  oonditionei  existing  at  the  eluotrodos  tliemaelTce  ;  for 
all  otherconditionn,  auvhasafrm^lAof  curn^nt  or  rate  of  deposit, 
and  dtmtilg  of  current  or  aiae  of  the  elcctrudcs,  may  remain  the 
same,  white  the  vurying  hardness  of  deposit  is  oontToUcd  by  the 
iliffercnee  of  leuntuuH.  I  have  used  the  word  tension  liitrc  in  a 
general  sense  rather  than  tbe  epedal  one  of  S  ^a  Butv  1  nicaii 
that  aelive  atreiw  which  accompanies  a  largo  E  M  K  bftme^n 
the  tiro  elulroilrt,  and  is  exertod  n)ioii  the  molecules  of  tbe  polar 
obains.  The  (.-heniiuiil  effects  of  thia  are  explained  5  C99  ;  heru 
wo  are  conHideriug  rather  a  meebanical  effect— work  put  ugjon 
the  metiU  deposited,  and  afflBcting  its  state  of  aggregation. 

760.  ARaAHoSMXiMT  OF  O&IBCTS. — 'fliis  includes  the  Considera- 
tion of  Mveral  diatinct  Mta  of  principle*,  as  to  each  of  which  it 
is  very  desirable  to  obtain  clear  oonoeptions.   1 .  The  position — 
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borizwtel  or  vcirticftl.  2.  Thn  reltitivo  proportions  of  object 
and  modo.  }.  The  iliKtAuoQ  t»  Im  mftintAinrd.  As  to  each  of 
thoee.  I  will  giv«  oxpuriment«l  illuiitrntions,  which  I  reoom- 
mend  tho  ituitcnt  to  follow  oat,  nnd  ovon  thoRO  pr&cticfttly  well 
BOqtiRint«d  with  tho  mljcot  will  find  thvir  knowledgo  twconw 
much  more  dcliiiito  and  exact  by  oarvfully  examining  the  con- 
ditions of  ench  HiF-vtomatio  «sp<irimont«.  To  obtain  th«ir  full 
teaobinge  it  is  o-ui>Mitinl  to  hftvo  in  tho  oiroiiit  a  galvanometer 
wboae  readings  an>  di^finite. 

The  «olution  to  Ix'  nsed  ia  that  alrrady  shown  to  be  beet  for 
all  objects  not  nct/tl  tipnn  by  tbn  ncid — vis.  1  parte  saturated 
BolntioD  of  stilphato  of  coppur  and  t  mrt  of  dilute  sulphuric 
ttcid,  I  to  10  of  w»t«r  by  moiunin-.  1  have  tested  the  ranp;  of 
deod^of  cnnvnt  snoh  it  solution  will  allow, aod  ii-itl  here  give 
tbe  experiments  and  rcsiilta,  oaoh  having  been  oontiuned  for 
BOob.  tioto  M  to  givo  the  mmo  weight  of  copper  per  square  inch 
ofrar&c«. 

781.  Ratk  ok  Dei-obit. — The  unit  of  density  is  1  equivalent 
in  ten  honra(that  is,  nearly  ja  gntins  of  copper),  upon  t  square 
inob  of  Hurfacc,  but  I  have  translated  the  results  into  the 
ampere-foot  unit  alao,  $  777.  In  ihe  expenmento  a  qnarter 
eiiuivalent  was  deposited,  i.e.  8  grains,  giving  a  thicknesaeqital 
to  stout  paper.  The  exporimenls  were  all  made  with  a  large 
DanitfU's  cell,  and  the  current  varied  by  means  of  resistuuoea. 


Cbanilc  lush. 
I.     - 1  tftking  ]o  honn:  excellent  coating 
•a      „       15      „       good  tough  copper 
' ;       „        ^      „       a  beaotiful  deposit 
!•        „        1^    ..       very  good  ..      .. 
3'         „         1^   ,.       Mndy  at  odgcB .. 
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The  first  four  deposits  were  hardly  diHtiuguishable;  the 
melal  was  tough,  and  ton  witbont  cracking.  Ae  with  all 
de]xuiiled,  and  therefinv  oi^talltiio,  metats,  none  wonld  buar 
doubling  tiat ;  but  after  heating  red-hot,  they  oould  Iv  bamm«rcd 
double,  and  opened  witbont  oraoking.  In  5  and  6  the  middlca 
were  good  enonKh,  but  the  meial  round  the  »lg«a  waa  of  a 
loom,  f*ndj  nature.  Lai^r  surfaces  would  alter  the  actual 
effects,  but  not  the  principlee  involved.  A  oouveniont  form  of 
this  exi)erimont  hi  to  mount  sereral  cells  in  series  with  electrodm 
of  dilfi-rent  (n»«,  so  that  there  ia  one  current  in  all,  Imt  diflcrent 
deuaitien  of  current. 

7S3.  It  would  therefore  api^ear  that  the  rait  0/  dfjitmt  of 
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ooppor  (that  is,  tho  suitable  dentily  of  euTTml)  should  not  cxooed 
t^  chomic  tiniU,  but  that  it  luav  be  as  much  less  as  isdesiroUo. 
without  injury  to  the  quality  of  the  metal.  K  rate  of  ftboot 
I  ampere  per  6  square  iDohes,  or  say  i;  amperes  per  foot.  =  lb, 
1*57  per  34  honre  per  square  foot.  In  good  actual  working 
the  current  is  not  pushed  to  this  degree.  In  eleotrotyuing 
the  plates  for  the  Ordnance  Survey  the  rate  of  deposil  n  •bout 
jib.  ])or  li,  hours. 

Eaeh  metnl^  however,  and  eaoh  kini  of  tolulton  of  each  metal, 
has  its  own  proper  density  of  ourri^ut,  bnt  such  solutions  as 
the  cyanides  will  vary  at  times,  and  with  all  toinjierature  will 
alter  tho  suitable  density  of  current.  AUo  tlie  natur«  of  iSe 
gttrfaee  munt  be  taken  into  account,  as  projecting  points  or  a 
ip^nular  surface  will  work  badly  with  tno  same  current  which 
0008  well  on  a  smcoth  surfeeo. 

78 }.  Pdsitiok. — Place  a  strip  of  copper,  at  least  4  inches  loog^ 
vertically  in  a  veesel  with  a  oorrespouding  anode,  and  pus  a 
small  ourreut,  leaving  Ihe  appnralua  umUsturbed  for  some  days. 
It  will  be  found  that  tht!  auoilu  ia  diKMulved  mostly  at  tho  ton, 
and  if  thin,  it  will  ho  perforated  with  holes,  or  oven  cut  ibrougQ 
at  the  Rurfnoo  of  tho  liquid.  Tho  cathode,  or  nscisiving  plate, 
on  tho  onntmrv,  will  have  a  thick  ooaUng  at  tho  Ixittom  and 
leant  of  all  at  ttui  top.  Tho  edges  will  hy  fornic-d  of  grou[i0  of 
nodulca,  fonning  a  thick  edging,  and  tlie  lower  ooruera  will 
show  thia  purtioularly,  and  bulge  out  somuwhat.  Beaidea  this, 
in  all  probability,  the  whole  Hurfaco  will  lie  marked  by  vertical 
lines,  miiHtly  oommouoing  in  a  dot,  and  foruiiug  u  sort  of  pro- 
longed note  of  exotainatlon  (I).  Now  repeat  this  exi>orimeut  iu 
a  rather  long  narrow  ti'ough,  or  in  a  vvstxel  witli  a  porona 
divisiou,  or  even  lu  two  glaxM-s  connected  togulfaer  by  a  tiipben 
or  soine  thick  cotlou  wick, and  nno  ftKnturatocl  solution  uf  uopper 
aulphale  with  no  nciil.  In  n  short  time  tho  anode  will  become 
coiitvl  with  ftiQitll  crystals  of  sulphate  of  wjipitr,  which  will 
entiiwly  stop  the  eurronl,  and  tho  proviouitly  noted  couditiona 
will  Im  exaggerati'd  at  tlie  Mthode. 

784.  I'ho  explatintion  in  in  the  actions  described  S  627  ;  at 
tliu  aiiddn  expper  in  divanlved  and  the  solutiuo  becomes  stronger; 
thu  nowlv  I'lirmed  Milt,  being  h<!avy,  ainka,  and  leaves  acid  when 
prWMnt  auore  ;  or  if  tho  aolntion  is  saturated  it  cannot  be  dis- 
aolved,  and  oijHtaltixcB  where  formed.  At  tbe  cathode  copper 
is  removed  from  tho  aolutien,  which,  becoming  lighter,  rises 
along  the  face.  Now  take  a  thin  gliuw  beaker,  contaiuiug  water 
and  tKime  light  powder,  and  holf  one  side  close  to  a  Bunoen's 
burner,  and  notioc  tho  conditions  of  a  heating  liquid  ;  a  constant 
atrcam  will  wion  be  grupratcd,  rising  iili'Ug  Ihi'  warmcdt  side, 
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tlon-ing  ftloni;  the  surface,  d«M3en4ins  along  the  ood  ride,  and 
tiowioif  aloDg  the  bottom.  This  oironUting  stroam  is  dae  to 
the  differaot  spedfio  gnvi^  of  warm  and  oold  water.  The 
same  ooDditiona  are  prodnoeu  bj  the  same  cause  in  the  depotdt- 
ing  vesael;  we  hare  a  atrwm  of  lighter  aoid  li^toid  tisiDg  up  the 
cathode,  fiowtng  along  the  surEaoe,  and  impinging  un  the  anode, 
which  is  there  ohie6y  acted  on ;  this  inoreosea  the  weight  of  the 
liqiitd,  and  formH  a  Htrvum  down  the  anode  and  along  the  bottom, 
which,  reaching  firelth<' lower  partof  thecalhode,  there deliverB 
up  ntoat  of  ita  metal.  Moat  writen  duocribe  thix  action  as  due 
to  simple  atratifiontion  of  the  liquid  owing  to  diSei-encea  of 
density.  Tiiia  is  erroneoas,  as  the  li'inid  vroutd  nul  stmlify  ; 
it  is  the  oironluting  current  of  liquid  which  causes  the  mischief, 
and  the  evil  lieoomctt  greater  «a  the  he^ht  of  the  objects  ia 

Snter.  This  currt-ut  id  the  cauao  of  the  liD«e  and  s^ta.  The 
gbtest  irn'gii1arityofaurftice{andallaur&ceeaie,BO]entifioaUy 
speaking,  ruugh)  doviatea  tliia  current,  and  the  obstrnotioD  growa 
every  iuitant  aa  th«  metal  in  (U-]"iHttfd. 

76;.  Now,  arrange  two  gouil-Hiv«<)  platea  in  the  aolutiou 
horuson tally,  one  ut  the  bottom,  the  other  at  the  top  and  at 
a  oonaidenbli:  distance;  ocmnuot  thin  lntti;r  to  the  sine  of  the 
battery  for  the  oathixtc  In  a  tittle  white  thu  current  will  bo 
atopp^,  if  from  one  cell ;  if  from  Revernl,  no  un  to  force  ita  wa^, 
the  oathodo  will  be  fmind  corereil  witli  n  lixwo  friable  deposit, 
or  ervn  a  blnclc  jiowder,  while  the  anode  will  l>u  coated  with 
orystala.  Cleun  thv  pintea  and  roplaoc  them,  bat  make  the 
lower  o)io  the  (vttlindc.  Now  a  good,  own  depuwit  will  go  00 : 
in  this  iHDiitiim  nil  r(x{uiroment«  am  satisfied,  the  acid  diawlvcs 
the  auudu,  tho  product  dcttcends  and  givce  up  it»  nictul  tu  the 
cathode,  wliilo  tlic  liquid  lieing  unift'rni  nil  over  the  surface, 
the  elu«tri«  irurnnit  is  ovcnly  diatributcd.  Thin  tu  the  beat 
poeititin.  tlii'iy^fiin^  C]ipci;in1ty  for  large  Snt  iniHnct-ii  and  deeply- 
cut  medalliiniN,  Ac,  but  it  in  nroly  employed  because  of  ita 
iODOnvcnieiiO',  which,  liuwevur,  in  muoli  vxnggerated.  The 
ilDpiiriti<«  of  the  liquid  ami  of  the  uucdc  are  precipitated  on 
the  depoaited  p1iit<^  and  drfaco  it ;  but  thin  luuy  be  avoided  by 
filtering  tho  liquid  bitforv  dopoeiliuK,  and  placing  above  the 
objvcta  a  fianie  titling  the  vowel  Toosvly,  and  covered  with 
muslin  or  net,  npon  Uio  surface  of  wbJdi  is  laid  a  sheet  of 
£ltciing  or  blotting-paper.  Of  course  Uie  kading  wire*  moat 
be  coated  with  a  nrotocting  coment 

786.  Hie  UHUal  position  (and  for  nearly  all  except  flat  objeota, 
tha  neoesi«ry  jxinition)  is  one  of  vortical  auapemiiou ;  in  this 
case  the  jioint  of  sunponeton  should  bo  frequently  dianged,  the 
liquid*  be  fn^nently  stirrod  up,  and,  best  of  all,  th«  objeota 
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kept  in  ooDStant  motion,  if  potcHible.  Uewis  have  been  devised 
to  canse  a  oiroiiUtion  of  the  liquid,  but  they  have  mostly  failed, 
for  the  very  good  rauou  that  rvgular  oiroulation  of  tlie  liquid 
ie,  aa  already  shown,  the  very  thitig  to  be  most  oarefullv 
avoided,  unless  it  is  directed  in  ii  coune  opposed  to  that  wliiiM 
would  be  set  up  natiirully.  If  irrt-gu  Ian  ties  are  seen  to  be 
foriniug,  they  should  ha  removed  by  filing  oflf,  Ao.,  aa  tltey 
constantly  increase ;  but  care  must  be  lalcen  to  attend  to 
instructions  as  to  the  removal  of  objects.  J  695,  or  else  the 
de|)oeit  will  be  apt  to  fonu  in  non-ndhor^ut  layers. 

787.  Rklative  Pbotortioms  of  Asodb  a-hr  Oatbopk. — Tliey 
should  be  nearly  equal  id  extiMit,  or  tlie  anode  idightly  thu 
larger:  if  othur  comlitioiiN,  as  to  ignition,  distance,  &(i~,  be 
attended  to,  the  relative  Mxca  mHtti>r  little  tui  regards  the  actual 
deponit  going  on,  but  if  they  ditfur  miioli,  the  conipoutioQ  of  the 
Sdliitiun  will  alter,  especially  if  large  ourrvnta  are  passing.  Fig. 
6;*, p.  286,  will  asBtst  in  uuderstikiidiiig  Uiesu  relations,  and  aun 
teach  how  best  to  arrange  tho  objocta  ho  as  to  e<|ualiw  as  mtii;li 
as  ptjiutiblu  the  lines  of  reeistnitoc-,  and  thercri>rQ  of  cuireut, 
piuiiuiig  from  eticli  poiut  of  the  rmo  surfnoo  tt>  ixiints  on  the 
othor.  As  a  conseiiuence  of  the  modes  of  tronoiniMtion  and 
action  of  tho  current  dcscribod  $716,  there  is  not  in  all  casoB 
an  equal  solution  of  anodo  and  deposit  on  cathode,  and  thus  tho 
liquid  rony  bo  impoverished  or  enriched  in  metal,  according  aa 
tho  anodo  is  too  small  or  too  larg«,  This  appli<.«  more  to 
cyanide  solutions  than  to  aoid  ones,  bocaueo  thoy  arc  more 
complicated  in  their  coDstitation,  and  thereforo  moro  liahlo  to 
Ik»  modifie<l  under  tho  influence  of  the  current.  But  it  oocura 
even  in  copper  salts. 

798.  TuE  Distance  to  be  IIaihtaiieed. — Place  two  small 
plales  of  copper  connected  to  a  single  oell  in  a  largo  vessel  of 
copper  solution,  at  first  about  cue  inch  apart,  and  note  tho 
deflection  of  tlie  galvanometer  ;  now  increase  the  distanonit  and 
observe  the  fall  of  the  detlcctiou.  Tliis  indicates  tlint  the 
resistanoe  inoreaaefl  with  the  distance  between  tJie  platos.  Bend 
tho  receiving  plate  into  a  V  form,  and  present  tlie  edge  towanls 
the  anode,  and  it  will  bo  found  that  tho  deposit  will  bo  thickest 
there,  gradually  thinning  away.  In  the  same  way,  if  the 
receiving  plate  bo  a  circle  or  square,  and  tho  anode  bo  much 
smaller  and  placed  near  and  opposite  the  centre,  the  deposit  will 
bo  found  thick  in  the  middle,  and  thinning  gradually  away 
upon  tho  flat  aurfaoe.  The  farther  the  anode  is  away,  the  test 
variation  there  will  be  in  tho  tldckuess  of  the  depoeit.  If  now 
wo  draw  plana  of  these  arrangements  and  strike  lines  aorosx,  wo 
shall  B'^  tho  reaaoD  is  to  be  found  in  the  principles  of  liquid 
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an  thortost,  thoro  will  tlto  clopwtit  W  the  gnmUitti  tho  elMtrw 
current  distiibutCM  itiralf  through  every  }>(miblo  pntli  npon  U>  it 
in  proportions  i-xaotlr  tlic  oppo«it«  r<i  tliuu  of  thu  rt^MHUnccs 
each  path  ofien.  ThoTororu,  to  git-t  «vcn  (U^ixwilfi  iiium  tho 
oathod«,  tho  amxlo  should  bo  ixtnttllr  disunt  m>n)  all  purls  of 
it  This  is  wuty  in  flut  pUtcft,  ktui  thrjto  mAy  tln-rpforo  be 
arraagoil  o!om  logotlicr  -,  in  drctilnr  objocta  tho  same  nwolt  is 
obbuned  by  sarroaDding  ihvm  with  a  c^lindriol  aoodo,  or  hy 
Bospendinf;  stripe  all  rmind  thorn.  When  oHjoots  aro  irrognlu 
in  form,  and  mpocinlly  whii)  tho  surfoco  is  dooply  chased  or 
nndercnt.  it  may  bo  takoD  ns  a  nonnd  principlu  that  tho  distance 
apart  shoiitd  bo  oonsidorablo  in  <<Tdor  to  diminish  tho  difference 
of  the  distsnoM  of  tho  proniinont  nnd  dmp  parts  from  Ibo  anode ; 
in  such  CMOS  it  is  dosintl>ln  nlw*  thnt  tho  action  sbomld  Im  slow, 
in  order  to  allow  thct  osUuustod  liquor  to  ho  roplaood  in  tho 
hollows  by  diffusion  of  the  liquid,  Thia  laof  oMpvoial  importaooe 
in  coating  non'motallic  niouida;  io  fact,  it  ts  widt  in  tbc«o  to 
aeoiiro  deposit  first  in  tho  hollowK,  by  prut'-nting  inio  tlivm  thu 
poiot  of  a  ooatod  win:  a»  tho  only  nntiilt:  at  fint,  for  it  in  by  no 
means  anoommon,  Uiuiigh  very  rcxationo.  to  find  thi-so  hollows 
vbatinatclyrofnnng  to  tako  a  continent  all  when  a  large  snrfaco 
around  them  has  sccuml  a  coating,  this  being  so  much  hotter  a 
ooikdnctor  than  tlM>  film  of  plumbago.  As  a  mio,  better  and 
more  even  dopoeit«  aru  obtaiuod  when  tho  distanco  ia  con- 
sidetable  than  when  it  is  small ;  tho  drawback  is  ttiat  cither 
the  rate  of  do|N>«it  is  diminii>Jicd,or  else,  in  order  to  maintain  it, 
great  powor  is  rennircd.  Tltcso  aro  oloiiKinta  of  time  and  coat 
against  difltance,  but  quality  of  doposit  is  in  its  favour. 

Another  advanta^of  placing  tbe  aaodo  and  cathode  at  a  con- 
siderable distance  in.  thnt  it  ucceHiUlcs  largo  voeacls  and  a 
good  budy  of  liqni'l,  oonditiuna  oppoaed  tn  the  sotting  up  of 
currents,  and  lending,  by  iho  grcator  ana  of  diffusion,  to  tho 
maintainiug  a  ini'rc  tinifonn  couilition  in  all  parta  of  the  vasKil. 
This  lemanc  applies,  uf  ODurae,  to  amutuunt;  in  factories  tho 
TMselB  un  always  largo,  and  th»  aiiodo  platoa  and  objects  to  be 
depoeited  up<>n  ai<'di>-tribiitc^l  about,  according  to  thu  oumbor 
ana  form  of  the  objcct«  U>  bo  op<Mitti-il  uiiou. 

7S^  In  some  outm  it  may  be  dwirable  to  eontrol  and  vary 
tiw  rate  of  action  upon  dlfforent  objects  inimcr«od  in  tho  wmo 
solntioa,  or  to  ascertain  tlio  oxaot  amount  of  metal  deposited 
upon  such  objects.  This  may  bo  easilv  L-fr.rctt.-d,  because  • 
□uniKT  of  electric;  currviila  may  be  poutirj  thrtxigli  tlio  same 
solutiim  without  intorftriiig  with  each  Other ;  it  may  ovon  be 
effected  ^m  a  single  anode 
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Th«  process  IB  this:  iuatesd  of  luiDg  a  battfiiy  of  hizo  suited 
to  the  total  work  tu  be  iloue,  »  uumber  of  Bmall  battcriwi  kro  to 
bo  employ ed.  each  ntUpteil  to  doiiij;  the  work  ro<]tiirc<l  tiixin 
one  article  or  bui  of  object*.  All  the  poBitivo  poliw  may  llion 
be  coDuoot«(l  to  oiie  anode,  or  a  number  of  platoa  dixtnbated 
about  the  Bolution,  but  actiDg  as  »  single  anode ;  th«  negative 
vires  aro  to  bo  attached  aeparatelj-  to  the  objects  upon  whidi 
each  is  intended  to  direct  tlie  current,  which  tlicn,  liy  the 
oidinaiy  means  of  rettistasoe  and  galvanometers,  mav  bu  oju- 
trolled  and  measured.  An  extension  of  tliis  principlo  will  bo 
fonud,  $  -45,  applied  to  the  piirpiiso  of  coiitrolung  the  state  of 
the  ecitution  and  the  process,  in  deiKititing  alloys. 

790.  DEraainiia  Aptakatus. — ItisdcsirubletoprovideanMons 
of  canneotitig  and  nrranging  the  objocta  without  tmstJng  to 
mere  wires,  wiiioli  arc  also  troublocome,  and  apt  to  fnnl  in  oontaot 
or  to  bo  disturbod.     When  square  rosscls  are  used  this  is  easily 

Fig.  TO. 


effected  by  having  bare  of  hnua  across,  with  a  damp  at  one 
end  to  grip  the  vessel.  Fig.  70  shows  the  iuncr  angle  of  a 
frame  which  I  bave  fooml  very  cou^-eniont  for  the  arranging  of 
objects.  A  is  a  bar  of  hard  wotxl  with  thrw  montsce  cut  into 
its  end  to  nxx-iro  the  ihnv  flat  Iwirs  of  wood  1.  2,  )  ;  the  lower 
side  of  I  and  the  up|>er  side  of  2  uru  faced  witli  utripa  of  stout 
shoct  braKu,  itT  oiipi»r  silvcrvd,  and  thcuo  ni-o  connected  to  the 
hinding-Hcrcw  +  l>y  luniing  litv  ends  op  outside  A.  The  other 
end  of  tbu  frame  is  exactly  similar,  except  thfit  the  luwev  side 
of  No.  a,  and  the  up{ier  one  of  j,  are  faciid  or  connected  to  the  — 
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tdnding-aordw ;  thxt*   at  the  «t)4  sliown,  n   in  a    inot&l-liiied 

ring,  having  an  tmlinod  opening  com^iiondiDg  to  it  at  the 
r  end  of  the  framo,  while  th«  opening  b  is  itnlinet]  and 
its  ooiTeepondiH);  one  at  the  other  end  linutl.  Uel«l  rods 
paning  tarotiRh  these  opeiiings  are  therefore  in  conneotion, 
tlie  upper  ooee  with  the  +  ftml  the  lower  ones  with  the  — 
polo  of  the  bottery.  D  is  such  a  rod,  the  end  flattened  out  and 
ionued  iuto  a  apnng,  which  ]>misc«  upon  tbo  platce  and  allows 
the  rod  to  be  jiloeod  as  deeired  by  means  of  the  projectiuf;  cod. 
Tbo  anode  platc«  are  hiing  U]K>n  tho  uppi?r  rods  and  distributed 
as  requiriHl,  and  tlie  objects  are  slung  by  wires  from  the  lower 
or  —  rods,  which  ate  connected  to  the  sine  of  tho  battery. 
This  frame  ean  be  placed  orer  any  veseot  if  provided  with  a 
support,  and  can  be  lifted  up  slightly,  and  moved  about  ooca- 
sioually,  to  disturb  tho  liquid. 

791.  Motion  or  the  OBitaw, — The  (]uautitv  and  quality  of 
work  doiio  are  improved  by  keeping  the  articles  in  motion.  It 
is  evident  that  the  solution  in  the  neighbourhood  of  the  objects 
is  impoverislK^  by  the  action,  as  explained  S  71$.  beranse  the 
actual  metal  is  dissolved  at  the  uiod9  and  removed  at  the 
oathode,  while  the  moleoular  trannnission  of  current  may  bo 
made  in  the  solution  by  atoms  of  hydrogen  instead  of  metal: 
this  of  necessity  alters  the  character  of  the  solution :  and  motion 
distributes  the  two  diflereut  portions.  Motion  also  reduoen  tho 
—  G  U  F.  If  a  cell  has  a  galvanometer  in  circuit,  the  defluotion 
increases  tbo  moment  tbe  electrodes  an  pat  in  motion :  the  cell 
will  in  fact  do  from  10  to  lo  per  cent,  more  work  if  oonstant 
motion  is  maintained  than  if  the  articles  are  at  rest. 

703.  The  simplest  mode  of  obtaining  motion  is  to  mount  tbo 
fenode  plati:«  and  tlie  objects,  or  the  latter  alone,  upon  a  fnuae 
such  as  Fig.  70,  fitted  with  four  little  wheels  running  a]wn  a 
rail  on  the  edge  of  tbe  vessel,  which  is  with  advantjigt.-  nut  on 
tbe  slope  so  as  to  give  rising  ns  well  as  side  motions ;  an 
eooentnc  wheel  and  rod  atlaebeil  to  a  shaft  from  an  eu^ine  does 
the  work.  Amateurs  on  a  small  scale  can  use  au  ordiitary 
lenflting-jaek  to  produ(«  tho  same  cflfeot. 

793.  LtKi-usiTi.v;  SoLUTioxif. — itofora  describing  th^  H|>cciiil 
solutions  for  use  in  each  case,  it  will  bo  well  to  study  thorn 
general  principle  applicable  to  all,  the  compr«hcnsiou  of  which 
will  load  to  intelligent  and  successful  working.  A  ]«rfcet  solu- 
tion would  be  one  which  contains suffloiont  metal  for  rapid  work- 
ing; will  give  it  up  freely  under  the  inllnence  of  ttie  current; 
will  nlun  frwly  atlnck  tho  anode,  but  only  while  ourreut  ixuises, 
so  as  to  keep  the  quantity  in  solution  uniform  ;  and  which  hna 
no  apontsaoouB  action  either  upon  the  metal  to  be  depcaited  or 
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UuttOD  whk-li  the  ilopoeit  is  to  ho  cffccti.xl.      All  thcao  qtulit 
uenrely  combined,  but  our  objwt  is  to  obtAin  n«  m«ny  of  l' 
onpoaaible.    Inaeleotingsitlta,  thcivloro,  wo  hovo  to  oooHidor : — 

(i)  Ohsmicat  B«aetioiu, — It  i»  detirtibtt:  that  tho  noD-mctAllio 
riuiical  slioiiltl  have  T><ry  slight  {Kiivor  of  attacking  the  mutal 
or  of  forming  btuic  salte  with  it;  tbus,  eulphato  of  oojipcr  is 
preferable  to  nitrato,  bocanso  Bulphuric  udd  (loos  not  act  on 
copper  except  when  aided  by  extraneous  eneiEy,  as  whun  tlu) 
eurient  pusses.  But  it  is  etnmtiat  that  this  radicnl  should  have 
liltle  or  no  tendencr  to  combiiio  with  tha  metal  on  whioli 
d«p<»1t  is  to  take  piaoe,  because  tliis  will  bo  sure  to  prevent 
adneaioo ;  thus  it  ts  impoasibld  to  deposit  copper  direct  upon 
iron  from  the  suljibale  of  copper,  because  the  sulphuric  radical 
tends  to  combine  with  the  iivrn. 

(2)  Solabilitg, — This  has  two  boarings,  qunntity  and  t»pidtQr 
of  soiiitioti ;  a  salt  may  dissolve  abundantly  and  yet  slotvly ;  or 
the  liquid  may  lapidly  become  suturated.  and  yet  very  little  be 
disi^ulved.  Thus,  sulpliate  of  copper  dissolves  freely  enough  as 
to  ijuwitity,  as  the  solution  conUins  jO  per  cent,  of  the  salt,  but 
it  dimMlvos  alowly,  and  the  oooaequenoe  is  that  as  fresh  salt 
fiiriuK  at  the  anode  it  is  very  apt  to  orystalliKe  there  iostead  of 
iliH-iiih-iii^,  m  thiit  it  in  uoucHwtty  to  have  sufllcieut  frue  water 
pri'Mi'-ut  t<i  [■ivvi'tit  tliitt. 

Dndvr  tnlH  head  aUo  has  to  l>e  coiiKidered  the  neooasity  for 
the  preaenoe  of  some  fVee  solvent  lieaides  the  salt  itaelf.  Thus, 
in  copper  depositing,  free  sulphuric  acid  helps  greatly;  and  in 
silver  depositine,  Uie  preeenco  of  free  cyanide  of  potassium  is 
esitential  to  dissolve  the  cyanide  of  silver  as  it  forms. 

(j)  Elerlrif  Beai»Uinet^  or  Condttctivity. — Of  two  solutions  othei^ 
wise  equally  satisfactory,  one  may  be  a  mucli  l>ett(.-r  conductor 
tlian  the  other,  and  the  importani>>of  this  ia  that  it  r^piires  less 
volta^  to  work  it,  and  therefuro  oo«it«  leaa.  It  In  from  this 
point  uf  view  also  we  must  oonaider  chiefly  tl>e  eltect  of  oUier 
Ktibstanoes  in  the  solnlions  besides  thoeu  lukioK  part  in  the 
(.'liuniical  actiou—'vix.  the  metallic  salt  and  the  exuess  of  the 
solvent.  As  a  general  rule,  such  bodies  do  harm  rather  than 
good,  for  whidi  rcnimn  nil  fiimiuli"  dhould  bo  roganlcd  with 
distrust  which  load  thu  MolutioiM  with  diloridua,  or  Kulphatva, 
or  carbouatcs  of  tlm  nlkuIi<'K.  or  I'url.hii. 

794  Coi'PKRiND  SiiAiTioNS. — (i)  FoT  all  Ordinary  pu[tHHu.'M, 
that  is  for  depositing  upon  TCniMclaiiie  cl>f  etli,  upon  topftr,bnut, 
Ormutn-nlver,  and  lead,  the  best  poimble  solution  in  that  *1  reader 
mentioned:  saturated  solutinn  of  Kulphiit<?  nf  oopjwr  dilute 
with  ono-fourtl)  of  water  cootuning  env-lvuth  by  measuro 
Hulphuno  acid. 
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(j)  fnMi,  ttV,  pfatter,  and  Brilatmia  metal  re^ulm  un  alkaline 
aolutiuu.  Tlifi  oue  comuiouly  luteal  in  cyauide  of  Gi>[i]Mr  iliiittolTod 
in  cyanitlo  of  prttamiuiu.  It  nik;y'  l<u  tniwlu  1>y  tbu  hiittory  pro> 
cow,  which  liialao  uvailitble  for  silver  and  gold.  A  iibi'Qt  oftho 
Dbotiil  U  utied  aei  anode  iu  a  tiolution  of  oynnidu  of  iwUiiiiiiim  of 
Kuitfthlo  Htreugth  (tbrec-tiiiartei-H  of  ati  otidco  to  the  piitt),  • 
KRiitll  jilate  is  attached  (o  iho  ui^gntivt!  ]ki1o  oiid  HiiNpendod  in  a 
poronxwll  in  the  aame solution,  and  oiirTcntjiusKi-d  until  cl«]>octt 
fonna  on  this  tatt«r.  This  iilaii  is  ounvoui<iiit  fur  Uxy  [leaplo, 
but  it  l«utv<.-tt  frc«  potash  in  the  solution,  whioh  bikva  np«urbonic 
aciil  fn)in  the  atr.  The  best  plan  is  to  thniw  down  u  neutral 
iii>tuti')u  of  .sulphate  of  OOpjperwitli  cyanide  of  potwuiiuni  us  long 
lut  a  precipitate  foruB.  Hiis  idiould  bo  waslitid  soTenil  timva, 
and  tliMii}lved  in  oyanide  of  potaesimu.  Thin  solution  rtijuirLii 
to  1)0  kept  at  a  temperaiure  of  loo"  to  150°  Fulir.,  and  to  bo 
workv4  with  a  battery  povrerful  enough  to  givo  gns  off  freely 
at  the  uitliitile  or  olijeot. 

(1)  Tif^  bftt  SoltUi-m. — This  I  liavc  niodiSed  froni  oue  givon 
by  Watt.  Porpint  nf  sointion,  the  quantiliea are about-^ulphato 
of  cuppor,  I  ox. ;  Hijuid  aniniouia,  \  oz. ;  cyanida  of  potaBSiom. 
I  ox,  ttnt  mv  niinplcat  diivotioiia  are :  Dtssolro  i  ox.  of  tnlpfaato 
of  copjwr  for  ovvry  ]>int  of  nolution  riN^uirud  :  atld  ammonui  till 
all  pruoipitalo  is  ruOiiiaiilvtfd,  luruiing  a  Awti  blue  Molut ion ; 
Add  oyauidii  of  iwtassium  till  tliis  colour  iiieappenn;  odd 
ninraoiiia  and  cyanide  when  iwinirod  to  kuep  ihu  Molutiun  in 
goiHl  ordiir.  ^Vlieu  thtwe  ari*  dctic-ieiit,  Uio  unodo  OontH  itsulf 
with  It  blue  powdei';  cxoeas  of  ammonia  will  makv  it  work 
Ukdly.  SH  ihu  ouiiper  uuiy  not  denunit,  or,  luore  strictly,  i»  rvdia 
Kolviul.  If  tlie  HolutioD  is  loo  rK-h  in  cuiigMr,  tlw  uiutAl  mity 
cotne  down  ob  n  powder:  the  deposit  in  lu  fact  a  compiomidio 
betwiwn  COj>{>ei'  imd  hytliMi^ti,  aud  it  in  lUioeaury  to  atiain  the 
happy  medium  at  which  good  adherent  metal  is  pi'oduoed.  Thin 
solulidu.  like  the  c^anido  ono,  lunBt  bo  workod  so  as  to  f^ve  off 
gas,  but  the  advantage  of  it  is  that  it  works  freely  wbeu  cotd. 

As  these  solutions  are  espenBive  to  work,  tliey  should  bo  nsed 
only  to  fonn  a  perfect  film  of  oopiwr.  Tl^e  work  ia  then  to  bo 
oompleted  in  the  ordinary  acid  bath ;  but  great  care  must  bo 
takon  in  effecting  the  cban^  U>  wash  off  evi*ry  particle  of  solu- 
liou,  and  to  dip  the  ohjrct  in  acid  before  putting  it  in  the  avid 
butli,  otherwise  the  second  doposit  will  not  adhere  lu  the  firsL 

79;.  [>EK«UTiNO  CoiTKii.— Copper  may  be  dopusited  by  what 
is  called  tho  aioglo-cvll  prooom,  which  ia  simply  airaDgiog  the 
object  as  the  nogativo  metal  of  a  Danicirs  cell,  as  to  whioE  see 
t  20S.  A  bnttoTj'  and  scparatA  vcaael  isfiurllie  best  plan.  The 
opII  boing  amtngod  with  tlw  anode  oooneotcd,  and  the  object 
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boiag  perfectly  olcnn,  it  shoulil  be  oonoectod  to  tli<^  7.in<i  of 
Wtt^y,  ftiid  immorscd  n-ithoiit  expostira  to  the  mt,  if  odhi 
is  riMjnirct) ;  if  »  removable  deiposit  ia  w»iit«il,  Uion  th«  p: 
tioDS  must  bo  taken  mentionea  S  7>o. 

79G.  It  is  bettor  to  use  a  rather  §troi)g  bnttcrj'  at  firat,  t 
sconro  deposit  all  over  the  surface ;  in  fact,  thiais  g^ncmlly  Ui 
CMo  with  all  metals :  it  is  usaallj-  an  a«IranCago  to  liavo  tlii 
object  at  lirst  a  good  divlance  from  the  anode,  which  may  b 
mtall.  BO  na  to  hnvo  a  consideralilo  n^eistanco.  and  then  to  aso  I 
high  E  M  F  in  onlor  lo  ol>tain  the  conditions  of  $  779,  ami  nli 
to  make  the  nwistanco  from  al  I  pnrts  of  the  snrfACO  nearly  alike 
so  MM  t<>  reHiNt  tho  tenilency  to  local  depoi>ils.  and  thi;  miHiiiK  a 
bollovrs.  After  n  few  minnlos  the  object  HhoiiM  be  vxanainM 
without  njinovftl,  niid  a  soft  brush  may  bo  psmod  nil  over  i^ 
eapvctalty  into  hijUuws,  to  rcniovo  any  air^bubhliii.  For  noD; 
laetallic  ubicots,  it  is  often  bettor  to  ituwrt  thorn  witlioat  1 
mgnlar  anoao  at  firat,  and  to  gnido  the  dopoBit  to  the  doopu 
liollowB  and  point*  mnst.  ilistnnt  from  tlio  ooooootion,  by  holilinj 
imar  tJicm  a  wire,  or  smull  ^l^itl  of  copper  a*  tbo  anode,  till  1 
gijnerftl  oiinting  i«  BuMimd,  n»  (IpjimbiKl  S  76^. 

757,  Objects  should  not  bo  <ft4i-oni)<Y(e(I  or  rtmceed  from  th 
totut.{<m:  bat  if  a  Ter>'  thick  deposit  is  wanted,  it  n-ill  b 
requisite  to  remove  the  object  occ&sionnlly,  and  file  away  thi 
nodtilea  and  irregularities  whi(^t  always  form.  In  all  casos  o 
TomovnI.  evon  for  a  minnto,  the  sarao  precautions  must  bo  takei 
as  at  first  ininiiTKioD  to  socuro  a  perfectly  cleau  surfaoo,  and  tht 
licit  plan  in  to  dip  into  vrvak  nitric  acid,  and  instantly  place  ii 
ibc  butb.  t><in  a  miniitc'x  cspcwuro  to  tlie  air  suffices  to  font 
a  slight  browniith  tilm  of  oxide,  which,  though  soorooly  visibly 
offwitimlly  dcKlroyn  the  cohesion  oftho  deposit,  §  7J5. 

'I'hiii  hoB  juitt  ln'cn  uLtliKoiI  in  Kimoro's  process,  f  60I.  A 
lbrg«:  oytinder  iit  dcpoHitciI,  and  exposed  to  the  air  at  suitable 
intoivalit ;  on  bring  Hplit  Icngthwiw  and  uponed  out,  the  deposit 
breaks  up  into  a  MiricK  of  iK>liKlicl  sheets  of  any  dceired 
thiokDwa. 

798  Remoyiso  thk  Dewjsjt.— When  a  snffioiont  thickness  hai 
boon  RccurMl,  the  object  ia  tu  be  taktm  cnit,  wMhod.  and  nllgnei 
to  dry.  and  if  it  is  to  be  i^movi'd,  al)  i*xcni8cenc«s  and  uvris 
lapping  cryftlals  (which  aro  jpineially  mther  brittle)  niUMt  l>o 
i-ari-fully  nniuvod,  one  eibce  ijetilly  aelached.  and  the  coaling 
HtrippiHl  off  when  its  form  periuite;  in  some  coses  of  dctiosiU 
U[K>n  muUls  liiia  is  difilouK,  but  wilt  bo  facilitated  by  holding 
the  object  over  a  flame  or  placing  it  on  hot  iron,  heatiug  the 
deposit  most.  The  depceit  bos  at  first  an  oxtiemely  rich  c<)lour, 
wltidi  would  bo  a  valuable  aid  to  ornamentation  if  it  oould  b« 
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rineerved,  bat  unfortnoatoiy  a  few  hours  'm  tha  air  dwtniTB  it«  j 
beaa^.     For  most  purpoaes,  theroforo,  whoii  tbeniHkm  m  to  In 
preeerrad,  not  to  be  used,  it  has  to  bo  prepared  by  Buao  moaat 
ofoolooriDg. 

799.  BttOKXiiK], — Srotin. — This  U  prodnoed  by  «  ralioxidfl  of 
copper,  obtained  of  various  b1i ad ^a ;  (i)  Btloiaten  with  watcir,  to 
a  wiiMgUaa  of  which  five  or  sii  drops  of  iiJtrio  uoid  atu  addud, 
allow  it  to  dry,  uud  thou  heat  till  tho  dedi^ed  ahaduiHulituiTind. 
fa)  liiib  well  iu  oudeovorwith  finely  powdered  peruriile  of  iron 
(JBwellxrs"  rou;;e  or  red  hematite  ore) ;  heat  till  oaarly  rod. 
(1)  Unrlcer  shadts  may  )«  obtained  by  itiixinK  the  pvroxido  of 
iron  with  blacldoad,  ground  to  a  fine  paste  with  apunta  of  wine 
The  conper  ia  to  be  covered  with  this  paat«,  and  heated  till  too 
hot  to  hold,  then  bmahed  well.  When  the  onlour  ia  obtalDod, 
the  objoots  ahoutd  be  warmed  and  polished  with  a  oloUi  whioh 
OODtaiiifl  a  little  bot^swax,  and  all  oxcohs  of  this  removed  with  a 
clean  cloth.  A  very  good  effect  in  also  obtained  by  Ant  broiiiuiig 
to  a  deep  colour  and  then  light«'U)ng  the  projootint;  parta  hy 
tonobing  with  a  piece  of  Intthcr  moistenrd  with  amiucuia. 

Blatic  may  bo  producod  by  polishing  with  plumbago  or  by 
dipping  in  a  weak  solution  uf  chlurido  cif  platinnm  and  tac- 
<juerin|;.  A  lK-«ntiful  dark  bronzing  is  produced  by  dipping  in 
»  weak  aolutiou  of  salphido  of  ammonium  or  of  potassium, 
drying,  and  poUahing  with  an  oiled  or  waxed  cloth. 

Oreen  ia  easily  produced  \y  putting  a  little  chloride  of  limo 
in  a  saucer,  hauling  the  obgect  over  it,  and  covering  with  a 
sliada  till  the  desired  effect  is  obtained. 

Verdo «nligue,  for  busts,  &c.— iial-animouiac,  8  parta;  ssa-aalt, 
8  parts;  liquid  ammonia,  15  ports;  white  vinegar,  500  parts. 
Brush  this  over  several  times  and  allow  to  dry  slowly. 

Sulphides  of  arsenic,  or  of  antimony,  in  a  dilute  solution  of 
ammonia,  give  beautiful  colours  ranging  from  yellow  to  deep  i^d, 
which  may  bo  lightonocl  with  ammonia. 

Tlie  Japanem  wo  waahw  of 

TerdigiiB      ..      ..      ..      ..     graina  4)8  or  jiol 

Copper  sulphate 393   „  540 

Wat«r,  one  gallon:  adding  aometinies  a  litUa  vioegar. 

800.  QoiirriTif  Depositbd. — This  may  bo  caIcaUt«d  by  th« 
figures  given  S  724.  while  the  tablo  an  the  next  page  givea  tlio 
aiiedal  figures  applicable  to  ordinary  subsliinocs. 

The  hydrogen  line  being  the  u<iairalinit  unit,  gives  the  valuo 
in  ampere  hours  of  any  snbitanoe  when  multiplied  by  the 
(Niuivalent  value  of  tbc  subotanoo. 

2  D  1 
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Work  op  CuaBEKT  ni  Qraiiis  psh  noviu 


[Sot. 


UqDiTlbM  Mlue. 

Ampmbour. 

SutnUiutb 

Qnlu. 

Lo^itUiu*. 

OmIw 

LtfltfUfaf^ 

CSiIoriiie    ..      .. 

».  ::  :: 

HrdNtn ..     .. 

Inn 

Lew) 

Nieltel       ..     .. 
OsjiOTi     ..     .. 
eUrer       ..     .. 
Zlno 

IS'i 
J'*7J 

I' 

!«■ 

toj'J 

in 

8- 
loB- 

J1-* 

I '${01384 

• 'SO' 741 7 
1  *  1944(61 
o'ooooooo 
i'447>S8o 
1-0149401 
I -4^98110 
O"90jo9oo 
I'ojMije 

tO-4iA 
iS-jai 
IIJ-JO 
■J7JI 

I&'IOJ 

I9'J»* 
1&-961 
4-601 
Gi-iia 
18-748 

i-)0998o6 
i-»Si4M9 
t-ot4il«4 
-i;S97SiJ 
i'io6ytoi 

■'774^1$  ■ 

rii9574»-« 
o' 6610411  ■ 

i-79J"7*0« 
i-)7i9ei)9  ^ 

ThcEo  figiii-ea  of  counw  npply  tu  jter/ecl  conditions,  u)d  ftre 
uuliJcMit  to  vurving  working  dtMtictioiis  S  9j4. 

801.  Fur  iiiuHt  jiriLotical  parposea  tboso  ^t*  of  the  amperfr* 
hour  will  Hiilfiuo,  but  it  may  1m  well,  for  tho  sake  of  thoae  who 
witth  t(i  fullow  out  BcioDtilic  priiiriplea,  to  give  un  exjunplft  of 
the  upiilidttUon  of  tho  formulie  S  715. 

Tlitu,  wo  amy  inntiiro  how  many  jiounds  of  cop;  er  oaii  1>o 
depu^ited  1:1  3^  hour*  upon  nn  area  of  i^  sqnaie  f«et.  Tho 
mode  of  e»tiniat;ng  thiu  applic*  to  every  otter  form  and  to  evnTj 
otlier  metul  by  nimply  luplacing  tho  Bpecial  figuroa  used  in  tluv 
0080  by  thoae  suited  to  any  ollior  cnso. 

If  wo  take  24  ampvros  por  foot  as  the  limit  of  d(?nsiity. 
14  X  }■;  =  S4  and  84  x  24  =  1106  amiMro  hourt,  and  Tiihio 
f  714,  wo  hove  — 

■000081  X  11-75  X  1106  a  5-49'hB.  of  copper. 

If  work«<]  out  in  detail  tho  sttidont  emptoya  all  tho  data 
which  ikrv  condensed  into  thi-  figorcM  given  in  the  tablwi. 

*,  Ampere  grain  uuit,  -00015975     ,.      ..  -4-1034497 

V,  Co]>per  equivftleni,  ]i-75      ..      .,      .,  i-5oi74]7 

Grains  to  Ihs.  i  -j- 70OO -4-1549020 

0;  Amperes  per  foot,  24 l-)8oitll 

m    f  eeconds  per  hour,  }$oo      ]'S5'^}o>5 

'  I  honra,  24     i*;6osiii 

Arwio  feet,  )*; 0-5540680 

Ooppor  dopoaited,  lbs.  5-)8   ..      ..  bo*7)o888j 


Soy] 
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The  diServncc  in  tho  two  GgaToe  ts  dw  to  thflro  Ining  no  loas 
tn  frttotiouB  ill  tlio  luf^oritliDiio  working. 

Sol.  EulORE'ii  PiKicBts.— This  coDUBts  io  beoping  up  ■  ooo- 
Htant  Imniichiiig  notion  throitghont  the  period  of  dopoaiting  ; 
this  in  applied  to  ubjcola  of  ciroaUr  mction,  euch  a»  tubc«, 
twHitiK.  &o.,  I>y  rotikttng  tlwin  in  Uic  itolutitiii.  while  n  humiKhor 
travelling  buckwardii  anil  forwnrtU  a  prcMcd  agiLinst  thvui ; 
the  efleot  in  to  upruud  utit  the  gruntilnr  fomution  loto  a  doMcr 
fibrouH  ouc.  vMtctlj-  iM  is  ttonu  \iy  tho  ordinaiy  prooeMM  of 
metal  rolling.  But  h«ru  tho  "  work  "  is  pnt  not  U|k)d  maaac* 
whioh  do  not  fully  tntnamit  it,  hat  upon  tbo  sioglv  molooaUw 
almost,  and  tho  ruxult  in  a  duniw  touKimiis  rnoUd  put  by  tho 
imtiAl  pnx-«ws  into  the  fiuiitbod  form  without  jointa,  brsxing, 
&c.  Putu  Mlrong  wire  in  obtalnud  by  thuH  miiking  a  tuug  tubu, 
whioh  IN  Ihen  divi<lod,  by  a  npiral  out,  into  a  loug  square  md, 
whiL'h  in  Hubinittwl  to  the  lutuikl  procwKA  of  wire  rtdling  and 
dmwiui;. 

A  rviuarkalile  illustration  of  the  priuoi)>le  and  the  action  ia 
given  by  a  plate  of  metal  deposited  by  the  uaual  prooees  to  {th 
of  an  inch  thick,  and  th«n  ooDtiiiued  for  an  ecjual  thicknoes 
iinddr  thn  buroiiihor ;  when  out  thrriugh,  plunM  and  eat«ti 
with  acid  in  tliu  nnual  wiiy  of  vxainining  the  text'Jra  of  molals, 
tho  mioronoope  reroataa  wondurful  difitBrvnoe  in  tbo  two  strata, 
oomparable  with  that  ahowii  in  tho  fracture  of  ouatso  cast  irou 
aud  finoly  gtuuod  atevl. 

8oj.  CTABncB  OF  PoTAamm. — The  oommeidal  article  varies 
ao  gnatly  in  quality,  that  it  is  almost  useless  to  j^ive  qiuuititieH 
JG>r  lue.  There  ate  two  sorts,  tho  white  wbioh  ia  ooinuonly 
used,  aitd  tlie  hlat.-k  whi<;h  i»  the  bent.  The  white  oaniiot  con- 
tain more  ibaii  75  to  So  per  cent,  of  the  pure  cyanide,  the  rest 
tioiug  oyanuU)  of  potash  neoessarily  prodiioed  in  the  reaction ; 
Init,  aonmliog  to  Uio  iiapuritlea  of  the  uuil«Tial8  aa«d,  and  the 
euro  taknn  in  nuikiiiji;,  it  may  coutun  as  little  aa  ^o  per  cont. 
It  is  easily  madu  bv  Liebig'ii  jirocees.  Ferrocyanido  of  potas- 
sium (yellow  nriuetiato  of  (Kitaf-h)  is  to  bo  orushod  nud  dried 
very  thuniughty  upon  a  heated  iron  plate  till  tho  water  of 
oryaUiUiiiatiuu  is  driven  off  and  a  iierfectly  white  powdvr  pro- 
dnoud,  of  whioh  eight  parts  are  to  oe  taken  by  wwght  to  throe 
IMu-ts  of  carbonate  of  potash  similarly  dried.  Tbeso  Droportiooa 
Kive  oiie  equivalent  of  cyanate  of  potash  to  livo  of  tiio  cyanide, 
and  form  the  white  product.  By  adding  ij  part  of  finely 
powdered  oharooal  the  whole  is  converted  into  cyanitle,  and  the 
uroduot  is  black  through  a  remuning  oxooss  of  carbon.  An 
iron  orudble  or  pot,  tracil  froui  rust,  is  boated  to  a  low  red. 
and   the  mattfuts  (voiy  thoroughly  mixed  and  kU<.\.  ■«<txuw\ 
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insortod  by  degrees  and  broagbt  to  perfect  fnaion,  in  which 
tli(<y  ehoiild  be  kept  for  tweut;  minutee,  stirring  oocAsioaallT, 
but  k«'pt  covur&d  at  other  tlmefl;  tho  etirriiig  is  oSbctod  vriui 
an  iron  rod,  whicli  is  to  be  examined :  tho  coating  it  brings 
away  i§  at  llrel  browuiah,  at  last  Incoming  a  clear  nonrolaln 
white,  when  the  oiieratiou  is  complete.  This  grodatioii  of 
colour  cannot  bo  observed  when  charcoal  is  iiaod.  but  tho 
diminution  in  the  gaa  given  off  bj  the  fused  liquid,  which 
should  be  kept  at  a  juat  vicible  red,  will  indicate  the  ooiuplo- 
tiun  of  the  reaction.  The  pot  should  then  be  removed,  allowod 
to  Htand  a  niinute  fur  the  iron  to  settle,  and  the  clmr  Utjnid 
poured  off  upon  an  iron  slab,  broken  up  and  bottled  tightly 
while  warm,  aa  it  is  detiijneacent  and  absorbs  carbonic  acid 
from  iho  air.  Tho  residuary  iron  and  cyanide  should  be 
Rcrapod  out  while  hot  and  ]>lac>ed  in  wat«r.  and  tho  solntion 
filtwed  off  for  immediate  use  in  precipitations,  &o.  N.B. —  It 
in  one  of  the  deadliest  of  puibous.  It  will  not  keoji  in  solution. 
All  cyanide  solutions  are  dangerous  toput  tJie  hands  in,  if  tJiere 
is  any  break  in  the  akin,  and  in  any  case  they  produce  unplwuMUjt 
and  ftometinicti  painful  efiectA. 

The  fonnula  of  the  prooeaa  is,  for  pure  maleri&ls, 

K^  Fo  Cy.  4-  CO,  K,  =  5  KCy  +  KCyO  +  To  +  CO 
iS6S<*>5*5       £0    78  3J;  81  5C      44 

Tho  Inst  two  products,  iron  and  gas,  are  inevitable  loss,  and 
the  KOyO,  nearly  uoe-fiftii  of  the  product,  ia  useless,  which  the 
addition  of  carbon  suffidont  to  convert  this  U  into  carbonic  ooid 
ntakes  nsoful,  and  raises  tho  product  to  6  KOy  =  }9a 

604.  Test  »oii  Frke  Cvaniue, — It  is  von-  convenient  to  have 
tho  means  of  nscortaining  at  any  time  the  cxaut  ()uaiility  of 
freo  cyanide  in  any  eolntion,  and  the  peix>i-iitu){e  of  the  leul 
substance  in  any  sample.  1  h:tve,  theivl'uro,  deviacd  a  syntviu, 
based  upon  the  ordinary  decimal  ui-asurea,  obtainable  any- 
where, and  upon  the  basis  of  one  ounce  of  cyanide  per  gaUun  uf 
solution,  from  one  to  two  ounces  being  the  proper  workiug 
strength.  One  ounce  per  gallon  is  equal  to  C3'5  grains  iu 
10,000;  tho  equivalent  »t'  o^'onido  of  potassium  is  65,  and  it 
takes  two  of  those  to  prudpitatu  and  red issolvo  cyanide  of  silver 
IJom  the  nittato  of  silver,  tho  equivolvnt  of  which  is  170.  The 
test  solution,  thcroforo,  is  prepojvd  (rom  pure  uitrato  of  silver, 
81*7:1  grains  dissolvod  in  a  io,ooo-enuiifliiskof  distilled  water; 
8*173  grammes  in  a  litre  make  tm  wme  eotutiou,  which  is 
equivalent,  bulk  for  bulk,  to  a  eolution  of  one  ounoo  of  oyonide 
IV  a  gniioa,  and  uiay  be  used  with  any  suatfuro  whatoT«r, 


properly  divided.  I  prcfvr  to  Ulco  looo  grains  of  it  uid  make 
It  U]>  to  10,000  aj^jii ;  to  take  100  giaios  of  tlie  eoluliou  to  be 
t<.wtol,  by  menus  of  a  Kmdtut«d  )<ipetle,  aud  tUeu  add  tbifl 
wodker  EolutioD  to  it  fi'am  an  ordinary  alkalimeler.  As  soon  w 
(be  iir>.'<ci{'itAte  ceaaee  to  rudissalve  ou  shaking,  the  test  is  com- 
pleto.    A  Blight  cluudiiieaii  in  the  liquid  marks  this  {loiat, 

To  tr«taBainpIoofcyanidt;,di6eo)v6  (j2^  graiuH  in  the  10,000- 
psin  flnitk,  sntt  treat  tnis  ia  the  souie  wajy.  Hius,  if  a  saiuple 
iM  •(>  irratvd,  100  graiuB  plaeed  ia  a  anuU  flaak  or  buttle,  1000 
grains  of  tlte  lent  put  iii  ao  alkalim<.-ter  and  droppeil  into  the 
fliurk  AN  long  as  the  precipitate  di-^|>{>eaTS,  nnd  u].>ou  adding;  510 
gtaiiiK  in  thiH  way  apennaneutfaiotolondinees  is  produced,  the 
sample  oontains  ji  per  cent,  of  real  c,\uiiido.  If  the  original 
twt  eolation  is  preferred,  icco  grains  of  that  to  be  tested  must 
bo  nsod,  and  the  result  is  the  saiue. 

60^.  Tm  roK  Silver  asv  Uold  ik  Soldtiox.— This  on  bo 
roughly  ascertained  by  the  quantity  of  cynnide  nccos-ary  to  re* 
<liiwulrc  a  precipitate  ;  but  as  cyauide  doM  not  keep  In  solatioD 
tile  tetft  must  bo  prepared  when  required.  Slake  u  solution, 
and  test  its  value  as  pure  cyanide  as  just  deecrilied.  Take  a 
measure  of  the  solution  to  be  tt)st(Hl,aud  throw  down  the  metals 
with  etilpburic  acid,  washing  tlie  precipitate  till  all  acid  is  re- 
moved ;  add  the  cyauide  koIqUou  from  a  graduated  veeeol, 
stirring,  till  all  is  rcdibSoIvtHl.  Cdlculste  the  ijuautity  used  as 
grains  of  pure  cyauide,  and  every  6;  grains  indicate  108  of 
silver  or  197  of  gold,  but  not  correctly  in  old  aohitions,  owing  to 
the  other  metals  present  A  known  measure  of  the  cyanide 
solution  in  exc«as  of  what  is  uecnled  to  dissolve  the  precipitate 
may  bo  used,  and  the  exoese  in««siued  by  the  process  for  five 
c}-anide  and  deducted  from  the  measuro  used ;  it  is  more  es^ 
to  hit  the  exact  quantity  by  this  means. 

O06.  SiLVKii  Bdi.utiok. — There  are  many  different  furntulm 
given  in  various  books,  aud  many  have  btion  patont<Nl,  Imt  iw 
there  is  only  one  which  is  really  satisfactory,  1  shall  giro  only 
a  few  Words  to  the  otheis.  iJonic  reoommeud  the  use  of  ferro> 
C]rMiide  of  potassium  inetrad  of  the  cyanide  as  a  solvent ;  it  is 
no  economy.  ««d  the  solution  renders  the  nilvcr  very  liable  to 
strip,  Ilyp(>i)ulphite  of  silver  iu  hyposulphite  of  soda  quickly 
spous  by  the  aotiOQ  of  light.  Chloride  of  silver  in  chloride  of 
aodinm  depoaits  a  chalk-like  coating,  useful  for  some  pnrpc«M ; 
it  Mtawem  well  for  clock  and  other  dials,  aud  may  do  applied 
by  simply  rubbing  on  and  well  washing,  just  as  woU  ns  with 
a  battery  for  this  purjiose ;  it  has  no  advantage  as  a  aolutioo  for 
use  iu  the  balteiy  procise.  All  the  processes  which  involro 
Ihfi  diasolring  of  oxide,  carbonate,  or  chloride  of  silver  are 
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btiil ;  ilioy  yraatt  mklorials  anil  lowl  tbe  wlution  wiUi  sklbi  of 
puUwiuin,  muck  liutter  abitent.  Cvsiiiile  of  atlfer  diaaolved  in 
O^uiide  of  potiuwium  ia  ihu  only  iwlulion  which  can  \m> 
reaoimniMiducl.     U  muiy  Iai  and   iH  uouinioiily  preiiarvd  hy  thu 

firoonwi  dumnibvd.  S  794  (2),  iiunniiig  uunvut  from  a  8ilv*.T  aDodo 
iito  A  sottition  of  j  WL.  cyaiiid«  to  Uiu  pint  of  water:  the  utily 
tulvaiitagv  ia  tho  Mving  a  littlu  trouldv  ;  but  the  aolutlou  von- 
tainit  froo  potiinli,  which  (luca  al  louat  no  good.  The  beat  way 
is  to  pn;piir<T  tho  BuluUon  ch«nii(yiHy. 

807.  Silver  Nilrale  ia  promrml  by  diwolviug  iu  nitric  add ; 
thin  varies  sa  iu  BtivQgtn  tliut  it  ia  tiaeI<.-ttH  to  give  qaantitiM : 
tho  sulutiun  is  aided  hy  lK>nt.  Silver  with  copper  preaetit 
anHwvts  perfectly,  und  it  ia  not  nooeHiiiTy  to  orytttallixu  if  tho 
exocBB  of  iioiil  18  onxifully  noutralizod  with  oarbouate  of  soda  t 
it  is  KibI,  howuvor,  to  buy  nitrato  of  ailvvr,  which  ia  sold  for 
llttlu  muni  thAQ  tlio  raluu  of  tho  ailvcr  it  ountains,  as  it  hi  a 
by-priMiuol  in  wjvcrid  oporntioiiH. 

808.  Silvtr  CV<iniii/-.~A  v/vak  noliiljiiu  uf  nilver  nitratt.^  in 
prepurod,  and  a  nijtution  ofRyanidu  of  putajiaiuui  very  carefully 
added  IU  lone  na  a  whitu  preeipitntt-  furuin,  sbakiDg  up  ooo*- 
iioiuJIy.  Wneu  all  tho  nlvcr  is  picci  pita  tod,  the  aolution 
should  bo  vigorously  stirrod  or  nhnkon,  und  allowed  to  nettle,  tho 
litiuid  pourvd  off,  attd  tho  procipitato  waoliui],  and  nolutioii  of 
ciyiuiidu  of  poloMtiuiD  added  and  atirrod  up  till  it  ia  dinaolYod  ; 
it  in  then  dilutod  to  tlio  rvtpiired  atrcngth,  and  tlie  pn>por 
quantity  uf  five  oyonidu  added.  The  preuipllikte  nliould  never 
uo  dried,  an  tliis  altora  ita  pruiiertioa.  aud  it  will  uo  longor 
make  a  koimI  Milutiun.  Aftur  nolutiun  it  may  be  cryatalliKOU  Ha 
the  double  eyauide  of  allver  aud  [M>tacaiuiii,  if  ddKirud;  this 
makes  a  good  aolution  nt;  any  time. 

S09.  Strength  o/So/u(r'on.— Abmit  3  ox.  or  J  Oic.  of  ailvur  to  the 
g&llou  in  a  good  working  etTiingtli.  An  tho  ouncu  of  aitvi,<r  is 
4S0  grahia,  and  tliat  of  nltrnte  4)7^^,  190  grains  of  (Tystallixod 
nitrate  of  ailver  tu  tlie  pint,  or  )'4)  ok.  per  gallon,  will  give 
a  Hdlutiuu  i.-qual  lo  3  ox.  of  nilvttr  [lei'  galUm.  Strong  nolutiona 
will  work  more  i|uiel(ly  than  wouker  on<.-w  if  ample  povror  ia 
used,  but  tbey  re4|tiira  mueh  more  oaie  in  working  to  get  u 
good  result.  S  776.  The  free  cyanide  should  bo  equal  to  about 
half  tliu  weight  of  nilver  in  solution.  Witli  lew,  tho  solntioD 
conducts  badly  ;  with  more,  it  ia  apt  to  disBolve  oS  silvei'  from 
both  anode  and  objects 

810.  Silver  Depositiko. — An  experiment  which  I  devised  for 
lecture  pur)K<sea,  exhibits  in  so  atriking  a  mumer  tho  funda- 
mental  priuoijilea  of  electro-depoeition  that  1  oauiot  do  botlvr 
thou  deecribe  it,  and  invite  readers  to  repeat  it  for  their  own 


iDBtruotiviL  Tukb  ii  oIiat  gUM  TtMel  of  moiho  widtli,  and  cat 
s  strip  of  vrood  tii  gi>  itaroeHi  tW  lop;  pnr))iire  three  narrow 
strips  of  ou))[>cr,  tw  luog  lut  lh«  tuoWjI  iit  fluup,  luid  fit  vrirce  to 
th«m  i  &x  Que  in  tlu)  middle  nf  tlio  bar  of  wixkI.  and  the  others 
(whom  wirm  wn  to  bu  loitg  oiioiigU  to  roach  U> «  battery,  aud 
sllow  th«  Inu-  to  1)0  moved  ftboul)  one  un  cauh  tiidu,  uo  far  apart 
M  the  tcsmI  alluwii,  all  thruo  bi^iug  iu  onu  til&ue,  but  not 
tODofaing :  fill  thu  tl-wboI  with  a  gCH^  sil\-er  aotutitHi ;  connect 
th«  OUtOT  )>lat«4i  t»  a  Htrong  buttery — one  Qrovo  or  biohromate. 
or  four  SmoM  will  do — and  then  httiadily  lowi'r  the  plat««  in, 
watcfaiug  thum  with  a  Mtn)itg  tight  upon  th<itu.  Ouu  r«maiu8 
WMfleoled,  the  middle  one  takes  a  bluish  tint,  the  third 
beoomes.  as  by  a  flaah,  a  dvad  wliito. 

'I'htt  middle  one  acta  ohumiaally  t^i  tho  wlution,  ia  partly 
dissolved  itself,  and  prooipit»t(«  on  it«  Hiirficu  a  film  of  silver, 
through  which  the  otmper  i»  viaible,  giving  the  j>oculi«r  colour ; 
no  length  of  time  will  greatly  thiokeu  thi>depuitit;  but  if,  after 
a  time,  it  m  oonnected  to  tlie  lialtery  and  regularly  coated,  in 
all  likelihood  the  depuait  will  biwter  or  atrip  under  the 
biiniiaher.  The  ptat«  oanuect«d  to  the  eino  of  tho  battery 
reoeives  a  true  electric  deposit,  which  under  good  ooiiditiona  is 
BO  rapid  a*  to  jirwluco  at  once  tho  dead  whito  or  "  mat  "  silver, 
llie  plate  oonneoted  to  tho  positivo  polo  has  boon  changed  iu  its 
electn>-i)oUr  relation  to  the  liquid,  tbe  rilror  ndos  of  tbe  mole- 
cnles  are  tomod  from  it,  and  tho  action  of  tho  oyaoogui  tadioalfl 
ia  exalted ;  it  thenforo  diasolvee  more  rapidly  than  under 
ohemionl  affinity  alono,  and  it  cui  no  longer  precipitate 
the  ^TOrj  or,  at  leasts  if  any  such  chomical  dcpixut  does 
still  occur  (which  oaa  ntitlker  be  proved  nor  diHjiruved). 
the  Hilver  so  thrown  down  dmnioklly  ia  inttantJy  redioaolved 
eleotriodly. 

dti.  Thin  l»  intellisiblo  to  all  who  rviilixe  the  priaotploB 
'  explained  in  Cliaptcr  Vlll.  on  £  U  F.  Alt  chemical  rcectious 
hare  their  spoci&c  volta&co  5  599,  which  may  be  -1-  or  —  ;  -f- 
voltanoo  gives  energy-  to  the  circuit  —  voltance  abeorba  it  But 
tho  Kotting  np  of  an  EM  F  means  imparting  +  and  —  potmlM 
or  direotivo  strces  in  tho  circoit.  Therefore  this,  moAtiared  iu 
Tolta,  moans  an  addition  of  4-  or  —  wttatue  to  c«ch  molecnlft  iu 
tlie  ratio  of  tho  voltage  stresa  it  exists  under  in  tho  mrcuil. 
It  follows  that  any  ohemifial  affinity  natural  to  any  two  anb- 
Hlauucjt  ill  presence,  mMj  be  either  exalktl,  ao  as  to  become  active, 
or  (U)  iietilraiijei  aa  not  to  act.  by  just  tho  voltance  required  to 
niukd  up  its  own  voltance  to  tlie  ueooeiMry  point,  §  j8o. 

It  is  ovident,  then,  tliat  uliJMrtJi  tn  be  coated  should  be  oou- 
tlMtod  to  the  battery  be/ore  imMertiun, 
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8 1 3.  Now  take  a  Btrip,  of  copper  aud  one  of  ulvor,  ooan«at 
them  to  a  dolicato  gklTanomoter,  aod  plunge  them  into  the 
Holaiion ;  it  will  be  found  that  r  oonsideiahlo  carreot  is 
generated;  this  t<?acbea  ns  that  wo  ahoutd  not  wmtnmee  the 
depoait  in  a  veseel  ia  which  objecta  a1re«dy  coated  are  M  work, 
because  any  oombinatiou  wrill  gruerate  its  own  onrrent.  quite 
regardless  of  all  other  currents  paaaiug  in  the  aamo  vessel,  and 
thus  a  oarrent  will  fia^a  butweea  the  new  object  and  those 
already  ooat«d.  notwitliat  Hiding  that  both  are  alike  ooDDootod 
to  tlie  same  jiulu  of  ti  Biipiiratii  batti^ry.  If  oue  balli  la  employed, 
a  oeparate  ballery  ahuuld  bu  used,  both  +  polee  oonnected  to 
the  aome  aoode  if  we  please,  but  the  new  object  oonneot«d  by 
itself  to  the  xino  of  one  battery,  until  coaled,  when  it  mny  be 
tranitferred  tu  the  ulhur  ooiiiieotiuiis. 

8ii.  The  propor  plan  ii»  to  have  one  large  bath,  in  whioh 
nothing  uliitll  \»  inaerted  but  arlioltis  already  lulvered ;  by  this 
uioiiiui  it  is  kept  from  oontwsi nation  with  the  base  metals. 
Smullor  (luantilies  of  nuliiticiu  ithould  bo  kept  for  ^ring  the  fint 
coat,  and  luude  auitablu  for  tlie  difTi^ront  metaU,  for  a  good  deposit 
oannut  1w  obtained  npon  Britannia  niolol  and  other  pewters 
from  A  Bolntion  in  which  coppvr  has  bcon  plated ;  they  also 
require  much  morv  froo  cyanide  of  potassium  than  oopper,braM 
or  Oerman-eilvor  do ;  uU  thoso  may  bo  coated  in  the  same  bath, 
but  ono  At  a  time.  For  the  proparation  of  Uio  objects  and 
moruunalizing  to  niuiiHt  adhcnon,  soo  $  746. 

8r4.  Strikin'j  Ihc  OhjccU.— Thin  tarm  is  usod  for  the  production 
of  tlio  lirHt  film ;  thin,  cBpt-cially  with  the  IwrnvT  mctala,  usually 
rcfjiiirwi  gn-sitor  KMF  thun  ordinary  working,  but  not  t<» 
\Aiff3  a  Gurrunt.  The  way  to  oflbot  tiiiH  in  to  omploy  a  high 
K  M  F  with  only  a  email  anode,  on  tliu  prindpltM  donoribed 
f  796.    The  E  M  F  mu§t  not  be  such  an  to  givi>  ufl'  gu. 

81;.  In  any  OABC,  after  the  lirst  dopusit  is  perfected,  the  object 
ought  to  be  removed,  washed,  and  well  Bcr«tch>bmshcd,  to  see 
tliat  the  dopusit  is  perfectly  adherent,  as  it  is  loss  unpleasant  to 
Mtrip  it  and  start  afrwh  then  (if  necessary),  than  after  the  whole 
operation  is  suppused  to  be  completed.  Wliuu  A  thick  coat  is  to 
bo  put  OD,  and  especially  if  there  aro  umamentol  edgM  and 
points,  it  is  well  to  examine  now  and  then,  and  if  any  nodules 
or  ronghueeses  are  farming,  to  Glo  or  wvrk  them  off,  perft^ctly 
cleaning  the  article  before  loniocing.  Objeots  should  on  no 
account  be  touched  with  the  dry  hand,  but  kept  under  water 
oontainiug  a  little  soda  or  potovh,  and  handled  only  with 
perftolly  clean  hands. 

816.  DjsooiTKBcr&D  Objkts.— An  isteresting  cxi>oriment  vill 
iilffislnte  the  pieoaatiHU  neooBoayy  to  ohaorvo  witn  objeots,  and 
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tiao  that  pecoUar  sUte  of  the  Uqnid  which  u  oallod  pelaritatio», 
6U1I  whtoh  i»  the  primary  ooiioiliou  of  electric  trausiiusaioQ. 
Suspend  two  platett,  oonneoted  with  a  l-ailery,  as  far  apart  oa 
the  veeael  allows,  or,  say  $  iuches  or  S  iiichee ;  iu  the  centre  of 
two  plates  of  coppor,  an  iucU  or  ho  square,  punch  holes,  and 
rivet  Iheia  finnly  on  the  ends  of  a  stout  wtr«.  Now  anspoud 
this  arrau^aieut  iu  the  lK[uid  bvt»-<j<du  ihe  plates,  hut  not 
touching  either,  aud  having  ii'>  metallic  ounneolion  with  the 
battery,  but  isolated  in  the  liquid.  Aft«r  a  little  time  it  will 
be  found  that  the  eud  facing  the  anode  ia  well  coated  with 
deposited  metal,  while  the  other  end  has  evidently  been 
dissolTed ;  the  iutertuediate  wire  will  share  these  two  oon- 
ditions  up  to  the  middle,  but  the  prini:t]ul  action  will  be  on  the 
euds.  The  syateni  has  been,  iu  fact,  |>olariied  in  the  aame 
raaouflr  as  oyJiuders  are,  in  static  electricity,  when  approached 
to  a  conductor,  and  the  action  is  distributed  in  exactly  the 
rame  way  as  a  static  charge  would  have  been,  in  the  oppoaite 
ratio  to  the  resistftaoe  between  each  particle  and  the  conductor, 
'I'his  shows  that  objects  sboald  never  be  left  in  the  solution 
when  not  being  deposited  on;  if  an  object  aocidcutally  falls 
from  its  wire,  it  should  be  at  otioe  removed  aud  rearranged,  for 
if  left,  this  vCTect  will  lie  )>rodun-d  upon  it. 

The  eSect  is  not  well  observed  in  a  silver  solution,  owing  to 
the  obemioal  action  of  the  oop[>fr  itself,  aud  it  roquircs  a  strong 
current ;  in  a  copper  solution  the  action  is  strilciui^ly  visible 
after  a  few  minutes, 

817.  AsoDEB. — Theot'  should  \<e  sbeota  of  pure  silver,  around 
the  lank ;  or  in  sumll  veaaolti  stripM  of  various  sizes  may  bo 
wed,  so  as  to  be  distributed  about  the  objects  as  required. 
They  should  not  be  attached  to  topper  wire,  which  ia  act«d 
upon.  tbou);h  it  is  greatly  uroteoted  by  a  tfaiok  ooat  of  aoldor 
over  it ;  they  should  be  soldered  to  stout  iron  wire,  or  to  strips 
of  lead,  which  the  solution  dues  not  act  ou,  aud  these  should 
have  strips  of  copiier,  well  silvered  or  gilt  at  their  upper  parts, 
for  slinging  upou  the  connections  to  the  battery. 

If  the  suodes  become  coated  with  a  greyisli  ooating,  the 
solution  wants  more  cyanide.  When  <.-ommou  silver  is  used, 
the  anodeH  in  thin  coae  turn  red  ur  purple,  owing  to  cyanides  of 
copper,  &c,  forming ;  but  pure  silver  should  be  used,  so  as  not 
to  keep  adding  ojpper  to  tne  solution.  The  appearance  of  the 
anodes  is  the  best  indloator  of  the  state  of  the  solution :  if  too 
bright,  therv  i»  probably  too  much  ovanide ;  the  happy  medium 
ia  a  clear  chalky  appearance,  and  it  u  far  iriser  to  attend  to  the 
earliest  tndioatioun  of  the  anudM  than  to  wait  till  the  objects 
taku  their  turn  at  ovm^laiuiug,  whioh  m^  nwa  spult  woc^ 
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Arttu  PAiti'iy.— ThU  l«leIy-introduc&d  process  claimB  to  pro- 
ctuoe  A  non-porous  and  non-larnisbable  coating  or  eitver,  hmrder 
tiiaittuaa],  Iti»nsiHt8iulti«uB9of  anodeo  canlaiuiut;  a  portioD 
of  Ktnc,  and  prubablj-  the  additioD  of  uuo  oj'aoide  to  tlie  eolation. 
8 1 8.  WosKixo  THE  SL>t.trnoN.— A  new  solutioD  does  not  work 
BO  wt<ll  an  one  iu  couiitaul  lue.  1'lie  oaibonio  tcoA  of  tlie  air  nets 
upon  tUo  ojatiido  of  putaMiuui,  wUicli  therefore  require*  to  be 
ocoasiouatly  ailded;  tbe  need  for  tbU  is  indicated  when  tlio 
aotion  beoomefl  ftlugs'sb,  or  the  auodeH  and  objects  bc'como  dia- 
colourod.  If  tbe  objects  alone  are  dark  and  dirty  iu  ap|iouranca, 
instead  of  cIoaf  chalk  white  or  riob  cream  colour,  the  current 
is  too  aitoTi^.  and  the  auodeH  shoTild  bo  redvoed  in  size  or  placed 
fartber  away  from  thu  imrtioilar  objeot,  or,  if  tbe  fault  is 
{Tenenl,  the  power  may  bo  rcduoed.  Experience  alona  oaa 
teach  all  these  details.  The  tom^rature  should  be  tbe  averuga 
one  of  60'  to  70°  Fahr. ;  when  it  is  colder,  the  solutions  do  oot 
work  BO  well,  and,  if  hotter,  lees  power  will  be  required. 

After  a  time,  a  pmctpitato  nsoftlly  forma  aa  a  ^reyiA  wliite 
flououleut  powdc-r,  wbioa  is  easily  stirred  up,  and  apt  to  settle 
on  the  articles,  the  solution  should  therelore  be  oocsMonolly 
tiltotwl.  Thu  precipitate  is  iiiuiuly  impuritv,  but  in  some  cases 
it  RiAy  ooutjiin  xilvor,  ho  tliat  it  vt  us  w»ll  to  collect  it,  and 
wliun  worth  wbilo,  bum  it  in  ft  cniciblo,  with  a  little  nitrate  of 
potash  uddi'd. 

8ig.  BiuuHT  DKPOiiT.— Silver  from  the  solntiou  doaoribecl  is 
deposited  of  a,  beautiful  dead  «-hite  or  "  mat."  but  it  may  be 
deposited  with  a  brilliant  surface,  as  if  buruished,  by  adoiag 
bisulphide  of  uiirbuu  to  the  solution.  About  uu  ounce  of  this  is 
shaken  up  in  a  little  with  a  pint  of  strong  solation  of  c^nide 
of  Hilwr,  aud  plenty  of  fitie  cyanide.  This  is  added  oocosionaUv 
iia  rt'ipiintd,  little  by  little,  to  the  bath.  It  uhould  not  be  llflM 
on  tlie  Minall  Hi^alu,  vut  it  in  olfeiiHire  uml  niiwholiwoiuii ;  excepting 
when  in  rcgitliir  uhi*,  it  ix  alM>  apt  to  spoil  tbe  iiolutioti.  The 
bright  Kulution  in  unually  only  usod  to  finish  ortiolou  iu,  as  it 
do<i>  nut  work  so  siitinfnotorily  as  tho  other. 

8ja  PisisiiiNO  THK  WoKK.— On  renioral,  tho  object  should 
firitt  tw  dippl^d  in  wiitt^r  contatuin{r  fi'oe  cyanide,  tlien  rinsed  in 
boiling  watur,  allowed  to  dry,  and  placed  in  sawdust  (bux  or 
mahoERny,  not  piuv).  All  purls  intended  to  be  bright  should 
th«D  DO  sorstch-bruBibcd,  oither  by  the  lathe  or  by  small  band- 
bmKhos.  After  tliis,  the  surboe  shonld  Ijo  ])olitthed  with  tripoli 
or  rottoU'Stoac,  otid  whiting  aud  rouge,  and  then  bunilsbod  with 
brightly  polislied  steel  or  agate  bamishors,  which  ore  mado  of 
vanouH  HhiijH-K  to  Kuit  difforont  work ;  thu  object  eliould  be  kept 
wot  with  soap-suds  whilo  bondsluDgi  or  some  use  stole  ale. 


TliiH  in  Ml  opomtioa  reqniring  mach  pnotioe  to  do  it  well,  luid 
it  is  in  fact  n  Kptdal  biinnoas.  Card  slimld  be  taken  to  mako 
tho  Mtrokiit  of  tbo  buntlakcir  always  in  tbo  same  direoUon,  or 
only  »liglitly  deviating  froin  it  where  markings  inquire  btinuab- 
ing  (lown ;  tho  Htrokott  tthimid  novcr  be  oroBscd. 

6ji.  Sn^ii.T  SoMrTioNs.^l'rMn  varioiut  osnoec,  and  chiefly 
from  the  gmilnid  ,-ii'imiutilation  of  thi>  salts  of  jiotash,  rctinlting 
from  tttc  action  of  tliu  itir  niion  the  fn-e  L<j-aiiide,  tJio  Holutions 
in  timo  bvtiiiiiiu  Iwl ;  they  du  nut  i]o])oHit  lutilal  of  gfXiA  colour, 
or  the  dopotit  t«iiil«  tu  atrip  und«r  tlio  Imrnisher.  It  llica 
boooDiM  nMCMMurj'  to  recovt^r  tli»  metal  and  luitlct;  frusti  iii>Iiition. 
Two  procTPiWH  nr(;  cciminuidy  n.'OruiimcMtdiHl :  (i)  To  odd  ucid 
until  nil  tliv  inittul  in  tliiuwn  down,  itnd  then  niclt  tlio 
procipttato  aflvr  drying;  lliitt  prouoiu  in  a  dangitnmM  ono, and 
must  bo  efCcclcd  in  thn  op»ti  air,  an  jioinonmiH  gniioi.  chitttly 
pnusu'c  acid,  ari;  givi'Ti  nff.  Tliu  nwiilno  nnint  alKi>  In;  ftiM'<l  l>y 
uegreos,  as  tbe  cyunid»  of  silver  does  not  fniN;  lIuil^tly;  it  la 
li'llTir  lu  TMluro  it  witli  Kino  and  a  liltli;  livdriMiulorio  acid — 
this  also  in  tbe  oiH'n  iiir.  (j)  Evui>onit>'  tti<'  wilution  to  dry- 
hmr  and  fiiM}  till  tnu  Hilver  is  rtKluoocI, und  wash  ulT  tlio  oynniilo 
of  potawinni.  which  gonumlly  carries  sonio  of  tho  nllvvr  with  it. 

Sia.  Tti*  plan  1  rcoomnicnd  tins  tho  advantage  of  uoononiy  of 
materials,  and  frocdom  from  dnn^r  or  nuisancu.  I'laoo  tho 
solution  in  a  lar^o  flaKk,  fittpil  with  a  sa&ty  funnel  and  de- 
livery tube  joinod  liv  on  indinriililKtr  pipe  to  a  wide  gla>8  tube,  the 
end  of  which  dipw  nnlf  an  inch  into  a  nolntion  of  silver  nitrato 
in  another  vesiwd.  Now  add  sulphnric  a«id  graduallv  by  the 
mfolyfiinnul,  Allowing  tlto  offcrvosconco  to  subside,  and  shaking 
the  flask  oocosi'-uolly ;  continnv  adding  acid  as  long  as  it  pro- 
dnoes  any  fresh  pn-oipitAlo.  I'hen  I^  incanf  of  a  luind-bath, 
heat  the  flask  and  ki-op  tho  Holiition  l>oiling  as  lung  as  a  pre- 
cipitato  ocmtinncH  to  form  in  thn  other  viuwul.  Tho  prvcipitato 
■H  pun-  cvanidi!  uf  silvi^r,  and  only  m-tuls  diiwolving  in  i;yanido 
of  piitJiHKnini  tu  form  tho  fm-h  solution.  Tlio  pn-cipitati;  in 
Uh:  (task  is  also  eyaiiidf  <jf  irilvor,  l>iit  not  jiiirv,  ilioiigh  snRi' 
civntly  HO  for  nno  in  most  cosm;  If  it  i^  pieferrcl  it  cwn  l>o 
reduced  by  urn-  and  hydrochloric  acid,  or  driad  an<l  fnsotl. 
This  prMseas  sarua  the  cyanide  of  potassium  otherwise  n-iiuired 
tu  precapitate  the  silver. 

811.  GiLDlBia  Soi.VTiow — There  are  many  formuin  given  for 
dissolving  obi oridf,  oxide,  or  fulniinaU:  of  gold  in  ovanide  of 

Sotaasium.  These  arc  all  trimldeaamo,  oxpcwivc,  and  tho  taat 
angeroBB.  The  best  plan  is  to  disaolve  eyanidu  of  gold  in 
oyantde  of  potassium.  Tliv  strength  sbonld  lx>  from  luvlf  to 
one  ouDoe  of  gold  per  gallon,  and  it  may  bo  proparvd  by  the 
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diiect  prooeeit,  an  iI^wcrilH-tl  hr  Hilvirr  S  701,  bttt  tritb  gold  it 
recLuiitit  hont.  It  in,  1ii>wot<t,  U^ttor  to  proparo  tho  cyftnido 
oheiaically.  Pnrv  fino  gold  ithnald  bo  xukA.  Wt  it  amy  be 
obtaiutxl  from  any  iillov  by  iliwK>lving  in  sqiik  rvgtJt  (i  part 
nitrio  mid  }  of  liydrur'liK'rii;  nnid),  pouring  off  tho  ol«ar  liquid 
and  n-ttHbiiiBiii  of  iiny  r<;it>diiv,  orupornting  off  frve  acid.  Knd  ute- 
oipitAtiiig  tlici  i^ild  by  prctoflutphuto  of  inin  (gmn  vitriol  or 
'joppvnuf),  of  which  about  fivo  tinm  tlie  waiglit  of  tbo  gold 
nbogld  bo  iieixt.  Tbo  gold  i»  found  (nftor  KtADding  an  hoar  or 
two)  pcrfoctly  puni  as  a  dark  bn)wn  powder.  This,  or  "  flue" 
Hli'^ot  gold,  IN  to  be  dissolved  in  n<{ua  regia  iia  boforo,  and  freo 
acid  driri,'u  off,  <»n  being  taken  tliat  do  yollow  powder  i* 
fonocd :  if  it  i»,  by  too  mach  h«nt,  a  drop  or  two  of  acid  nmat 
bo  addod  to  rvditwolro  it.  Tbia  solution  Mhonld  b«  largaly 
diluted,  and  oyaaido  of  potaMinm  added  ns  long  as  any  prs- 
oipitato  ig  formotl.  This  is  the  cyunido,  a  lemon-vollow  powoflr, 
wbioU  only  i-cq)iiri>K  to  bo  w^parntcd  from  tho  Hofiition,  waahed, 
and  dtsaolvod  lu  cyanido  of  piitwMiium.  TImwo  are  the  usual 
itiatruoliooK  but  I  odvioo  a  little  furtlier  proooodiog,  to  avojd 
any  riak  of  losa  of  gold  by  not  bitting  tbo  exact  point  of  prod- 
pilation.  Add  a  trifle  too  much  cyanido  of  potaasiuui  so  an  to 
in  Buro  comply  to  conversion  and  rediwolvjng  of  a  litUe.  Piltor 
off  tbo  cyunido  formed,  and  to  the  solution  a<ld  snlphurio  a«id 
till  it  gives  an  aoid  reaction,  and  liltor  off  after  standiug  for 
some  hours.  Even  then  tbera  ia  a  risk  of  the  alkaline  salta  dis* 
solving  some  little  ^Id,  but  this  may  bo  recovered  by  setting 
tlio  aofutlon  aside  with  some  scrapB  of  sino,  which  wiU  throw 
down  any  gold  so  diseutved. 

la  dissolving  oomiDon  gold  tbora  is  often  fonnd  a  residue 
which  oliatiiiately  rwists  solution,  yet  retains  (ho  fonn  aad 
workuiauKhip  of  the  original  nrtiole;  this  is  the  silver  of  the 
Hlliiy  formed  into  a  dense  chloride. 

'I'iie  chloride  of  gold  solution  may,  if  preferred,  bo  nentrol- 
i7Ail  witli  caustic  soda  or  potash  (not  carbonate)  until  it  in 
(ioddedlv  alkaline,  and  then  either  oyanido  of  potassium  may 
bu  add«u,ar  hydrocyanic  aciddistilh^  into  it  to  throw  down  tbo 
cyanide  of  gold.  This  solution  is.  however,  very  itpt  to  releio^ 
gold  in  sulution  with  the  residuary  alkaline  salts.  If  ammtmia 
in  used  instead  of  the  fixed  alk^iea,  a  iirvuifiitste  in  formed, 
whieli  is  fnliuinsta  of  gold,  and  must  not  be  dnod,  na  it  becemos 
violently  expluaivo. 

8>4.  HJiviLT  SoLDTiOHS. — These  should  be  treated  ua  dcworibod 
forwver,  f  Sai.butthe  n'^fiihiuc  eyauide,  which  will  pmbtibly 
oontain  other  motals,  aliould  bu  dried,  mixed  witli  its  weight  of 
litharge,  anjd  fiieod.    The  residue,  after  washing,  in  plac'd  in 
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AXdeos  of  nitric  noUl,  whicli  will  diwolvo  ont  tho  toad,  iu>.,  and 
Iwve  the  ^Id  ptiro. 

Sty  QiLi>iX(i. — Tliin  [iroofo*  in  much  inoro  rapid  tluin  any  of 
tlie  olheis,  as  »  fow  tiiinuttut  i»  unuully  enougU  to  givo  a  good 
ilejweit ;  thie  is  dtw  to  tlio  bjgh  cqoiviiloDt,  197,  so  th«t  the 
•nnw  curront  doptcits  nearly  tvrioe  mi  ninch  a«  it  would  of 
Hilv«r,  and  luoro  tlina  iiic  times  as  muoh  ut  it  would  of  copper. 
Gold  has  aUo  vtiry  awnt  oov^inug  ])roporii«t,  and  n  much 
tliiniier  film  gives  a  tratti-'r  appeannce  and  protection  than  a 
aiiniUr  thickntw  of  other  motata  would.  Tho  OMnal  difficulty 
iude-ed  is  that  the  wurk  is  doD«  too  laat.  Small  battery  power 
is  needed,  a  sinelu  Snico  haring  HuCBcicut  force  for  small 
srtioleB :  hut  with  largo  BUrfucud,  and  <«|>ocially  when  a  dt'Op 
odour  is  deairod,  two  Groves  toay  ho  used ;  tho  point  to  bo 
aimed  at  is  to  havo  tho  £  M  F  juiit  holow  tho  point  at  whicli 
gas  sppearB  on  tho  objects. 

Snuul  objocta  may  lie  gilt  together  in  numbers  by  putting 
into  an  earthenware  boskot  witlt  a  connecting  wire  to  some  of 
theiu,  and  shaking  about  iu  tho  solution,  bo  as  to  oxpc»o  tTGeh 
•urfaoea  oontinunlly. 

Bxfi.  Hit-iT  in  GiLMSo.— Tho  solution  is  to  bo  heated  in  s 
slam  or  euameltod  iron  yomoI  to  1  jo"- 1  Bo"  Fahr,  The  wanner 
Uto  solution,  Itie  darker  tho  colour  of  tho  gold,  which  ia  to  )>e 
Motndled  by  rc't^ulating  tho  battery  power  and  the  h<^at.  Ttie 
anode  abouM  have  tho  samo  siirfnco  as  the  objoct.  and  should  bo 
6no  gold ;  the  objeot  should  t>o  kept  in  eonslani  mothm,  and  if 
the  colour  is  too  dark,  its  distinco  from  the  anode  iDoreased. 

Gilding  is  ooe  of  the  most  difflcnlt  prooessea  to  teaoh;  its 
TariatioDS  are  ao  groat  that  only  pereonnl  ex|>eri«nce  oan  be  re 
lied  on, as  Uio  colour  n-ill  psws  from  palo  to  dark  with  very  slight 
changea  iu  the  lieat,  or  with  dt&oront  degrees  of  motiou. 

When  the  solution  is  to  be  set  aside,  water  iJiould  be  added 
to  replace  that  oTa}ioratcd  off  by  the  lieat ;  and  the  fVee 
cyanide,  if  needed,  shuuhl  bo  a>Mod  at  tliv  naio  time, 

826A.  TiNTKD  GiLitiKO.— Thocotonr  Tario*  from  pale  yellow 
to  a  deep  tone,  aoeoivling  to  tho  heat,  density  of  current,  &0. ; 
but  definite  tints  are  alhu  produced  for  purposes  of  omatneutaf 
tion,1>y  variations  in  tlio  wdution. 

Oreen  jroM  dis^ixiHit  in  produced  by  lulding  cyanide  of  silver  to 
the  solntioD,  or  working  it  from  a  silver  anode  till  the  desired 
tint  is  obtained. 

Red  ffold  is  obtained  in  tho  HSnto  way  by  the  nao  of  copper. 

In  working  thoso  ttotutioos.  snodva  of  alloys  of  the  proper 
quality  should  be  iumiI,  or  separate  anodos  as  in  §  68$.  Various 
tints  may  U>  obtained  by  adjusting  the  proportioDs,  or  even  by 


Bliiftinc  tlio  iLitidM  from  one  nolntion  to  itnotlior,  and  allowinfi; 
u  muro  blush  of  dopoait  to  form  in  each :  these  beiui;  alighUj 
tranBparent,  vftrioiw  colour  oRcct«  may  be  obtained,  tfaougb  tkej- 
will  not  bo  very  pomiatioDt. 

817.  Tltfitmfftho/ the  t/^utkm  vane*  eriMtiynDdDT  work,  omag 
to  the  aotioiis  roforred  to  j  789,  and  to  the  faot  that  cyuiide  01 
potnasium  diesotvM  gold  pr«tty  fi«o1y  while  hot :  therefore,  bi 
addition  to  t^o  solvent  action  of  the  cnrreut  on  the  asode  there 
is  this  diroct  ohcnucnl  action  on  both  anode  and  the  depoeitetl 
Eold.    'rhcroforo  the  deposit  may  at  timw  represent  litUe  mo^H 
uian  thro^fonrths  of  tho  cold  taken  from  the  Anode,  while  ^^^| 
solution  tends  to  bo  onn'ciied  and  tlw  free  cyanide  to  be  om^T 
tip.    This,  however,  is  met  by  luiiig  smaller  anodes,  aud  tbo 
usual  tendency  in  working  is  to  impoverish  the  solutiuo  l^ 
ooonoraieing  the  costly  anode. 

'Die  fohmr  o/lhe  onorfe  is  a  very  soosltive  tatt  of  the  state  of 
th>:i  Hobitioii,  and  immcdiatolj'  shows  ivhether  the  free  oyanidu 
is  deficient,  by  l)ecc>ming  foxy ;  on  the  ntlKT  hand,  it  ought  not 
to  l]eoome  1)Tif;ht,  but  bo  of  a  clear  dead  yellow. 

6a6.  FiniMnit  is  effooted  precisely  as  described  for  silver. 

Cohuriny.—lf  the  colour  is  bad  it  may  !«  made  rich  by  the 
following  uixtnre:  One  part  eaoh  of  altim,  sulpbntA  of  eino, 
and  common  salt,  and  two  parts  of  saltpetru  arti  mixed  in  water 
into  a  paste,  which  is  to  be  smeared  over  tho  artioloa,  which  are 
then  placed  on  an  iron  plnte  ii])on  a  t)\^Ai  firo,  heated,  wtd 
thrown  into  oolil  wntor.  A  had  oolonr  in  aJlvor  may  be 
romiylicd  witb  Iwriis  upidiird  and  similarly  treated  t^l  it  fnsM. 
Articli.'ji  ttnitvd  with  soft  solder  cannot  be  treatod  by  tlieso 
procvMHMi. 

639.  ]'i.xTi!(()  Titoii  ANU  Btkeu — For  some  reason,  difliuult  to 
undurstnnil,  it  in  im|>niiidblo  to  obtain  an  adherent  coating  of 
oitlif>r  Hilvor  or  gold  diri-ctly  upon  iron  or  steel,  no  matter  how 
por(<ictly  the  surface  may  navo  boon  cleaned,  It,  is  tborofore 
cuntomiiry  to  deposit  firtt  a  moro  film  of  copper  from  na  alknlino 
witution,  as  pruviminly  doscriWl.  A  film  of  roerOQiy  wtxiM  hnvo 
adviintagcM  (iv«r  Uiat  of  copper,  for  the  same  reasons  thai  such 
11  film  ijc  frccniiriitly  iim-d  iii«ui  oven  ooppor  i>r  brnsx,  to  m-ourp 
u  more  iiorfout  iiuion  between  the  nurtala.  Itut  iron  rtviiats 
union  witli  inoreury  as  well  aa  witli  silver  and  gold,  and  it  is 
very  diffioult  to  coat  its  nirfaoe  with  a  norfoctly  even  homo- 
geneoua  amalgam,  though  many  proceanea  navo  boon  eug^^tod 
and  aaid  to  be  micoeeafbl.  That  which  I  have  found  buitt  oon- 
siiits  of  a  mixlnre  in  equivalent  proportloun  of  the  uitiatw  of 
silver  and  mercury,  in  i]iumtities  reprwentM  by  about  50  gr.of 
each  metal  to  a  pint  of  rolution.    The  metalsare  to  beaeparatKly 


difisolvod  in  jiut  nnfficiont  nttric  ncii),  Iho  morcnry  io  dilnto  aDil 
cold  ftcid.  And  tlion  mixed,  Hiifficiont  frco  nitric  Acid  1>einR  hcpt 
in  tho  solution  to  fwbly  not  upon  inin  wlion  plnngod  iu  it. 
Tho  motal  Icavos  thin  iwlulion  covered  with  a  dark  powder, 
which,  on  lichtlv  hnidhing  under  vrator,  gives  place  to  a  krif;ht 
surfnoo.  'i'he  otijcot  should  bo  at  onoo  placed  in  the  silvoring; 
B>}1ntion,  and,  when  a  oontlng  in  tma  to  bo  formed,  it  should 
ho  removed,  washed,  dried,  and  hrnb^l  to  about  400"  Fahr.: 
its  mirfaco  should  bo  tlion  Hcnituli-bniBhoil,  and  the  article 
rephccd  in  tho  ailvoring  solution  till  a  Biiflici^iit  continp;  has 
been  dopc«i(od.  Iron  and  ntetil  mny  alsn  l>e  atnnlgnmaled  by 
rubbing  with  sodium  amalgam  nfb^r  well  cluaning,  sad  may 
then  bo  plated  in  the  samu  way  na  othur  metals. 

8jO.  NiCKKl.  Pi.jiTiNti, — This  pn>wM»  has  conio  into  much  ubo 
in  tno  last  fow  yoani,  and  bids  fair  t.t  be  wry  lart;ely  employed 
for  many  arlielcs  in  common  hsm.  There  ie,  howovor.  much 
misconception  as  to  t)ie  iiuriinitu  and  advantages  of  a  coat  of 
nickel.  It  takes  a  verj'  brilliant  {>oliith  of  a  blaiah  lint,  and 
tho  hardness  of  llio  metal  enableM  it  to  rutain  that  polish  much 
longer  than  silver  doM;  then,  unlike  xilver,  it  is  not  alfectod  by 
eulpharett«d  hydrogen,  and  docs  not  blacken  with  tho  [^scs 
(;iven  off  from  burning  eoal  or  gas ;  it  is  therefore  admirably 
adapted  for  RUch  purposes  as  uiop-ltttings,  and  particularly 
scam  and  veights,  which  would  merely  roquiro  to  be  waahed 
or  wiped  in  on1cr  to  keep  them  clean ;  and  for  window- frames 
and  deora-plateB.  which  would  long  retain  thoir  beauty  with 
little  labour.  Itut  it  is  often  statod  that  nickel  Koista  acids, 
and  thia  is  not  tho  case,  for  all  tho  ordinary  acids  diasolvo  it 
freely ;  it  is  thorofDro  not  snitctl  for  instruments  to  be  used  iu 
chemical  laboratories,  or  whero  acid  fimK«  prevail ;  nor  is  it 
adapied  for  lining  to  veswls  usvil  for  c^>okery,  as  silver 
is.  However,  altnough  nickel  is  very  elosrly  allied  to  iroa 
in  its  chemical  pnmertiee,  it  ilwa  nut  rust  in  the  air, 
though  it  takes  n  yellow  tantish,  which  toay,  however,  oftoo 
be  <luo  to  an  action  on.  the  underlying  metal  through  tho  pores 
of  the  coating. 

6)t.  Niekfi  Solution. — Nickel  may  bo  deposited  from  nlmoet 
any  of  its  solutions,  but  compounds  of  the  metal  with  allcnliee 
work  better  than  tho  plain  suits  of  nickel.  The  cganith  ti/ntcisl 
snd  potassium  works  well,  and  is  said  to  bo  iniproveil  by  the 
Addition  of  oommon  salt.  Tho  ehhridc  0/  niciri  and  apumoniuin  is 
also  a  good  sulutioD,  and  may  bo  made  by  passing  a  current  from 
ft  aiokoi  anode  into  a  Atrooi;  solution  of  ammomuni  chloride,  as 
doscrik'd  lor  silver,  $701.  The  compound  of  niokol  and  ammonia 
with  sulphuriu  acid  is,  however,  tli»  beet,  and  it  has  two  forma. 
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KLBCiI»>-3l>rTAU,DKI)Y.  [8}1. 

The  ammonh  talphate  may  be  pro^iu«d  Iw  AiMolvinz  oryitftU  of 
□iokol  Bulphatu  in  litjuid  Mamotii*,l'oniimgAdiU'k  blno Mlation ; 
it  cannot  be  rocommnndcd,  bocati»6  it  outinlantly  1(wm  hmmoma. 
The  enlphatoof  nickel  fonuB  NiSO,  +  7H,0  ijs  +  uS  =  »6t, 
green  tbombio  jprisms  ooatnining  7  atoinis  of  wat«r.  Sulph&te 
of  ainmoai4(NH4)j60(  =  i}i  bit*  tbo  properU' of  rvpUca&g on« 
of  these  utoou  of  water  nod  forming  tho  donolo  cryvtel  N1SO4 
(NliJjSO,  +611,0  =  jq5,  a  satiiriitud  Mobition  of  wbicb.  with 
iL  little  water  added,  to  clitiiiniKli  tho  ti'tiili.'iicy  to  erjdtiillizo,  is 
tho  eolntion  to  bo  UHud.  Eight  ouikim  to  the  gallon,  making 
B  Holntion  of  sp.  gr.  1  'oS  at  60°  FuJir.  ia  fuund  to  work  woll. 

Tho  Bulphato  can  itv  niado  by  (liMMolvioK  orado  niclnl  io  th« 
acid,  and  purifying  it  fiotii  otlior  nictjds,  suw  as  iron  and  copper. 
Tho  double  salt  cryMtiklliiKw  out  on  addition  of  sitlphato  of 
ammonia  in  oxcoms  to  tho  «ul]diiiti.-  of  niokol,  an  tho  doable 
Bulphato,  though  fi-ooly  noluble  in  water,  in  initolulilu  in  tho 
Bnlpbato  of  nmmonin  aolntion,  which  will,  tborvforo,  throw  it 
down  ont  of  old  solntionH  if  dcKinxl.  An  tho  double  mlt  ia  ui 
article  of  commorco,  it  iit  U^tler  I>oiigbt  than  made. 

852.  A  BoIutiuR  which  b  said  to  givo  adherent,  whito,  and 
Hoft  duposilB  is  mado  of — 

Sulphate  of  nickel     t  lb. 

^'eutral  tartiato  of  ammonia    ■■,     ..     ...  il'6ounoG«. 

Tannic  acid  in  otbur  Holution "8      „        ^^_ 

Water 16  pints.        ^^M 

J  bavo  not  tried  it,  bnt  tnrlaric  add  ccrtuitdyhatt  Homo  valtwbfo 
nctiona.  The  addition  of  borax  or  boraoio  acid  to  tho  eolntJon, 
intTodiicol  hy  Woaton,  is  cansiderod  to  diminigh  tho  tendouoy  to 
givo  off  hydrogen. 

8jj.  Biiniirr  Nickbi-iso. — Mr,  Wnrwn  eays,  in  tho  Chemii-ai 
JToM.  that  liying  bisulphidi;  of  carbon  a«  with  silver,  he  yot  a 
bkek  deposit  which  could  not  bo  polished :  but  on  usiitg  a 
vcriilitllo  be  obtained  brilliant  ooatincs  which  needed  no  bnr- 
nidhing.  He  shook  together  in  a  botue  a  gallon  of  tb^  plating 
liquid  and  i  ox.  of  bisulphide,  allowing  to  settle^  and  adding 
I  pint  to  ICO  gallons  of  the  working  solution. 

8}4.  The  nnodof  are  mado  in  both  cast  and  rolled  metal ;  tho 
cast  ones  aro  io  bo  preferred.    Nickel  ninltji  oacilj,  OKpoeially  if 
a  little  tin  or  phosphonis  is  addod.    About  €  inobcs  xc^uaro  of 
onodo  snrboo  is  nwd  por  gallon  of  Kolutlon,  and  tho  anodo     h 
BUTfaoe  is  always  ktmt  in  escess  of  tliat  to  bo  pUt«d.  ' 

61  J.  Dtpotitmg  ewi  or  eatt  may  bo  mado  of  wood  bolted  to- 
gotner  at  thd  tnda  and  ooatod  with  aspbaltum  cement.  Itut  it 
IS  bbltvr  to  am  wooden  ooaings  Uoed  with  6  ib.  sheet  lead,  tho 
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joints  of  which  mwHt  not  ba  soldcrod  Lut  bunt  with  tho  blow- 
pipe :  thoroHhoiilil  itkubea  liuiug  of  tbiu  luaUihlxtanln  to  prerent 
accidental  coDtoota  with  the  leaA.) 

8j6.  DBPOStTiso  NiOKEi„ — The  real  difficulty  lies,  not  in  tha 
aclectioa  of  m  soliitioa,  but  iu  the  laanagt^iutMit  of  tho  operation, 
for  uick^  is  difforunt  frani  any  of  the  ordinary  uotnls  hitherto 
dceoribed,  in  that  itH  d«poait  is  olwayH  iMoompaoied  by  a  oon- 
Biderable  evolution  of  hydrogen  sasi  thiit  in,  of  cotirse,  nan 
wasto  of  powor,  and  tlie  olijeot  to  M  aimi.'d  at  is  to  ;^t  aa  little 
gas  Mid  w  mqoh  nickel  um  possible.  Another  oon§»|uence  ia, 
that  the  deposit  is  apt  to  omitjun  ga«,  and  thoroforc  (o  be  [joroua 
or  flaky,  in  which  cuhu  the  coating  tends  (as  soon  aa  it  reaches 
a  moderato  thickti<.>««)  to  split  and  curl  up,  and  separate  iu 
brilliant  films.  To  {movent  this,  the  xolulion  should  be  stronK. 
and  the  power  cnrt>fiilly  adjtisted  to  the  work  doing.  A  high 
KM  F,  5  or  6  volts,  is  iiooil«d  for  tliu  "striking,"  S  795,Jbut  iu 
the  working  from  '5  to  i  vult  is  suflicioiit,  nooordiug  to  the 
conditions. 

The  roststaucD  of  tho  dopoeiting  cell  mnst  bo  oontrollod  by 
neaiM  of  ample  anode  stir&oe,  fully  as  largo  as  tho  ot>jcct8. 
The  solution  mnst  bo  kept  neutral  or  very  slightly  alkaliuct  by 
addition  of  ammonia  wbeu  iieceaaary,  this  being  the  uioat 
essential  detail  of  tlie  prooees :  tlie  («nd<.'ncy  of  alt  nmmoniaciil 
salts  is  to  become  acid  by  loaing  ammonia,  and  any  free  aoid 
thus  produced  prevents  metal  from  depositing,  or  rediaaolves  it 
in  the  act  of  deiweiting,  givinj;  off  hydrogen  in  its  place. 

The  aurfuce  of  the  nickel  depowt,  when  good,  proM-uls  a  \Try 
l>eculiar  appearance;  it  is  not  bright — a  bright  dejuiHit  will 
uaually  pool  off— bnt  of  a  dull  yellowish  ooloor;  after  renwval 
and  wuHhing  it  hne  to  be  worked  up  to  tirigbtneas  by  thu  usual 
proc<aaca  of  polishing.    Motion  is  a  great  advantage  in  nickeling. 

8j7.  Ieok  DRPoeiTiBO. — ir^in  has  very  great  chomicnl  reaum- 
l>laiieee  lo  nickel,  and  most  of  tho  rcn^nrku  made  upon  the  latter 
metal  apply  also  to  iron.  The  solutions  arc  corrcn ponding  iiticx, 
in  which  iron  takes  the  place  of  nickel,  but  owing  to  the 
tendency  of  iron  salts  to  pass  into  a  higher  state  of  oxidation, 
they  spoil  mpidly.  Hydrogen  is  given  off  aim,  and  it  would 
appear  that  the  correspondiDg  oxygon  appears  at  the  anode, 
onites  there  with  the  iron,  aualhus  tends  lo  tho  production  of 
basic  salts.  Uany  solutions  have  been  tried,  and  tbe  student 
will  find  an  olaborato  sories  of  oxporinients  by  Hr.  A,  Watt,  in 
Tol.  47  of  the  Kletiriciaa,  No  depoeit  can  be  obtained  from  a 
solution  of  a  ferric  salt ;  in  those  tho  action  takes  the  form  of  a 
generation  of  hydro^  at  tho  cathodo,  which  redncee  tbe  »nlt 
to  the  fcTTons  oooditiou ;    at  tho  anode,  meanwhile,  iciro.  v^ 
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iliiMilvcd  ty  tbo  ocid  sot  frco  until  s  uoulral  ferrouB  eoIuUoo 
ia  jirodaced.  In  conecqitoiiM  of  this,  ao  iron  solution  wliich  ia 
K])Otlt  either  by  nction  of  tho  air  or  by  (generation  of  1>asic  salla 
uiay  l>e  nnoTatod  by  adding  tho  proper  acid,  *ud,  if  noeded, 
hcntiD^  it  till  it  bcconiCH  clcnr,  and  piiesin(;cnrront  from  an  iron 
anode.  lUr.  Watt  usorta  that  forric  saltd  will  dopoeit.  thoQgli 
Hot  satififoctory :  but  I  think  ho  has  nut  tak«D  acoonnt  of  what 
occurs,  Tbo  action  just  stated  vrill  occur  directly  current 
iHiaiteA,  and  the  film  of  liquid  in  contact  with  tbecftthouo  at  odc« 
bucomoBft  ferrous  Bait,  and  from  JAij,  not  from  the  fomoaDlution, 
ho  f^ol  what  iron  was  dopnutod. 

8)9.  'I'ho  solution  which  is  found  best  is  (as  with  nickel)  Ibo 
ainmonio  stilpliKto  of  iron,  obtAinpd  by  dissolving  cf^uivaleut 
proportions  of  sulplintc  uf  iron  (grcon  vitriol  or  copportie)  i  J9 
parts,  and  h-iilphato  of  ammonia  61  parts:  it  can  U'  olitainod 
ready  cryHtiilli:K(td,  us  it  is  used  in  photography,  but  is  inado 
more  cheaply.  A  gwid  wurking  eolation  may  also  lie  made 
by  poseing  curri-iit  fntni  nn  iruu  anodu  into  &  solution  of  i  part 
Eal'Ommoniac  in  lOof  wntcir. 

It  is  considcrud  that  tlio  addition  of  ammonia  salts  of  orguiic 
aoida,  tarlaric,  aootio,  and  especially  citric  acid,  iroprove*  tho 
Hilntions,  and  1  havo  found  that  tho  addition  of  a  proportioa  of 
glycerine  to  the  solution  diminishes  it«  tendency  to  spoil, 

619.  Tho  tcorking  is  much  like  that  of  nickel,  except  for  Iho 
tenacDoy  of  ferrous  noils  to  oxydizo  into  I'crrio  salts,  especially 
if  ihcro  is  any  frvo  acid  priwont.  Gas  is  always  given  off,  and 
it  is  found  that  strong  Kolntbns  do  nut  work  well.  Tho  anodes 
should  Ix."  abiiiit  the  tuiiui'  nn^ii  ns  iho  nithodc,  and  tho  aolutiou 
be  kvpt  nL'Utrul  or  vlightly  aniniuniiical. 

840.  II1U  ditiHwit  of  iron  in  likely  lo  have  scientjfio  naes;,  aa  in 
cxiiiiiining  the  lawn  of  uiagut-tism,  but  not  extensive  practical 
ajiplicatiun.  lUt  iirincipal  utility  is  likely  to  ho  iu  the  uamo 
diroctioti  in  which  it  lias  boon  used  fur  6umc  ytara — vix.  fur 
printing  ])Ur[MjticH.  It  has  hcoa  nsod  to  give  what  is  culled  a 
"etcd  nicti"  to  cupjicr  pluti-s,  bydoposiling  on  them  a  thin 
film  of  hard  cryfitulliue  iron  which  dots  not  seriously  affect  tho 
fine  lineHof  engraving,  hut  wear*  much  longer  than  copper,  and 
wlicn  defatted  cuii  he  dioHulvcd  by  arids  and  rcuuwod,  without 
the  plate  itself  being  dubjcctcd  U>  wear.  It  takua  tiw  ink  wvll 
also,  and  will  work  with  aumo  inks,  aiioh  as  vermilion,  which 
nre  uselcaa  with  copper.  It  would  picl)ubly  ansn-vr  well,  also, 
for  facing  to  ordinarv  typo. 

641.  FiJiTi.Nuu. — Thia  i»  an  exoecdingly  diflicult  metal  to 
depoHit,  that  io,  ui  ■'  rugtiline  "  metul ;  it  is  easy  enough  to  get 
OB  a  black  powder.     The  depoxit  is  crystolliuo  and  brittle ;  hut 


it  is  Bud  that  good  non-porous  coatings  are  to  be  obtained  now, 
which,  however,  I  will  not  maiutaiu.  The  p^reat  drawback  is 
that  no  solution  acta  on  tlio  anode :  tho  platinum,  th<)refon\  is 
whoUy  derived  from  the  aolation,  and  must  be  leplaood  as 
chloride ;  this  non-action  of  chtoriuo,  e^i-n  oasoenti  and  in  the 
eleotric  cirouit,  is  very  difHcalt  to  undontaod,  becaoso  platinuni 
is  efaemicatly  dii»olvc<l  by  chlorine,  which  unit«e  with  it  tcadily 
«a  Baits.  A  amall  "  currcnt,"  orrather  small  density  of  current, 
is  required,  in  order  to  prevent  nndno  generation  of  gas  and 
black  deposit  1  have  found  th*t  ft  "  density  "  of  J  amporo-feot 
9  777,  is  tho  utmost  current  to  be  osed,  with  a  voltage  of  3  *  5,  to 
overoomo  tho  rccistanco  of  the  Bolntions. 

841.  It  may  be  noted  that  Bomo  metals  are  mora  difBcalt  to 
ooat  than  othem,  and  that  a  preliminary  coat  of  silver  (a  niero 
blush)  will  fitcilitato  deposit.  The  objects  ought  to  bo  thorousbly 
polished  lirat.  as  the  smooth  surfoco  does  not  free  gas  to  readily. 
Tbo  ourrent  otiaivmlent  varies.  1  have  obtained  44  to  48,  too 
tltooretical  vnlnu  boiQ^49')  =  t  of  II. 

94}.  I'latinic  olilondv.  PtCl^  on  tho  eqnivalont  notation,  or 
PtCl^  on  tho  atomic,  is  tlio  basis  of  all  the  solutions  of  platinum. 
Its  preparation  requires  some  pKCautions,  as  it  must  not  bo 
hcnti.<d  at  any  timo  beyond  tho  heat  of  the  water-bath,  or  a 
change  takes  place  n-)iich  is  not  correctly  stated  in  tho  t<'Xt- 
bookt.  Thor  say  that  platinous  chloride  is  produced,  wbit^h 
will  rodisiolve  in  oxceas  of  add.  I  have  found  that  over- 
hoatinr,  even  with  great  oxoess  of  acid,  turns  the  solution  a 
dnrk  orivo  inMt4)Rd  ofclear  yellow  (or  rod  if  iridium  is  pnwut), 
and  tlutt  a  block  powder  is  formed  which  cannot  bo  rcdtssotvod 
withuttt  drying  an<l  heating  to  red :  it  may  bo  that  this  is  duo  j 
to  the  other  niotulH  iisiinlly  uccoin|)nnying  platinum.  PUtinnm 
left  in  a  Ixtttlo  with  aqua  regis  (1  nitric  and  j  hydroohlorio 
ooidj  will  dtoaolvo  in  time,  hut  tho  prooesi  is  a  vi^y  lung  one  t 
batting  in  a  water-liuth  haiitvtisit;  it  should  tlivii  l>e  t)vajH>- 
latod  to  di^ncMH  in  the  Imth,  diiwolvud  in  a  little  wut«r,  aud  if 
deoitod  loft  to  oi^-KtalHxo.  'I'his  solution  may  b«  used  to 
deposit  fn)m,  l)Ut  it  nviuircs  vory  great  oaro. 

844.  Sodio  platime  eUoriJt  it  ODtoiaod  by  adding  1  equivalent 
of  common  salt  (0*5)  to  i  o(|utvaIoRt  of  platinio  ohlorida 
(■^9*  S).  which  oorrvniMmdM  to  q8-  J  of  plntinnm  in  oolutiOD:  it 
may  be  (.Tystullizvd  as  u  yellow  salt.  This  depuoita  mors 
easily  tJian  tlio  ohturido. 

64;.  A  still  bolter  nlntioa  is  rondo  by  a<lding  to  the  foro- 
going  about  4  equivalents  (6j  x  4  =  3$3)  of  oxalio  odd,  and  I 
theu  rendering  tliu  sulution  stmugly  nikiilino  with  cauatio  aodu. 
This,  in  foot,  is  tho  best  wolutiuu  1  huvu  tried.    A  similar  uua 
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may  be  made  rrom  the  yolloir  precipitate  fonned  byammonintD 
or  potaasiuiu  ohloridfl  witli  pl&timo  chloride.  These  precipi- 
tatee  are  soluble  in  oxalio  aeid  (a  fact  not  noticed  in  the  toxt- 
boohe,  so  &r  aa  I  know,  or  in  Storer's  <  Dictiuiiary  of  Sotnbili- 
tiea');  more  of  thftaoid  ia  r&iuired,  however,  aud  the  ammoiiia 
precipitate  rcquiroB  boiling.  The  sodiuu  forta  ia,  however, 
prefemble,  aa  moat  atablo. 

B46.  Battger  aaj's,  that  with  fretih  ainmonio  platinniD  chloride 
diasolved  In  conoentrutod  aoluliuu  of  eitrate  ot  aoda,  forming  a 
deep  orange  sotutioa  very  rich  in  platinum,  two  Bnnseu's  cells 
give  a  lustrous  homogouoous  depoait. 

647.  li't$eleur  Teoommeuds  10  parta  of  platiuum  couTcrttnl 
inta  platinio  ohlorido,  disaolred  in  500  parts  water ;  100  pnria 
crystallined  jiliospbute  uf  amiuonia  in  500  parts  water;  these 
two  being  stirnxl  together  n  nreci))itatQ  is  formed:  500  parts  of 
crystallised  iiliosuhate  of  tioda  dissolved  in  tooo  of  water  «re 
now  added  and  the  wliole  l^iUed  aa  long  as  ammonia  ta  given 
off,  and  until  the  liquid  boa  an  and  reaotitm.  The  solution  is  to 
be  used  hot,  with  a  strong  battery. 

643.  IFciAr*  Mlufton  ia  highly  spoken  of ;  itis  based  on  flafrnie 
hgdrate,  vrhioh  mar  bo  tliua  obtained:  i.heat  a  con  cent  rat«d 
solution  of  th«  olilorido  with  Hulnhurio  acid,  until  dry ;  2,  dis- 
solve Ihu  milTibitt"  thuH  produceitl  in  water,  precipitate  witli 
cnrbunatu  of  lime,  then  waali  with  weak  aoetio  aoiu  to  remove 
excern  of  liuio  aults.  and  with  water:  it  is  a  brown  powder, 
which  decumpciiKia  if  Ijeatvd  to  the  builiu^  (mint  of  wntcr,  nml 
is  freely  aolublo  in  most  aoIdSi  and  in  alkalies,  with  wliinh  it 
nut«  the  part  of  an  acid.  The  wjatiteTtKrecomniwidcd  as  the 
best  acid :  t  ounco  of  the  hydmto  to  4  ounoeB~«t.  oxalic  atid  in 
I  gallon  of  distilled  waUtr. 

J'be  alkaline  mlulitm  ia  made  from  hydrate  3  OTinfxSSj^tfJ''^^^ 
potjish  or  Bixia  8  minces,  water  1  gallon,  using  lialf  llio  3^^* 
in  a  <]nart  of  water  to  dissolvo  the  hydrate  witli  stirring,  J^^'' 
then  adding  llio  rest :  it  rcquirm  a  force  of  1  volta  and  giv.i^ 
silvery  white  coating  upon  copper  or  bnuw ;  there  shouhl  Ik 
very  little  hydrogen  given  off  at  tho  CKthodo,but  abuudnnt 
oxygen  at  the  ani^e.  Tbia  mctul  is  said  to  bo  softer  than  that 
from  the  oxalate  Kolution. 

649.  WakCt  anvdt  Irtatmfnt.  This  appears  to  bo  vorv  promi»* 
ing;  tho  diificulty  of  non-solubility  in  very  imperfectly  met  by 
adding  salts  of  platiiuiiu,  as  this  continually  alters  tho  solution, 
bnt  lAs  addili<in  u/  ytlaliuie  hifdralc  Iuik  no  such  effect,  and  tuny 
bo  adopted  with  any  of  tho  twlutions  dc-ioribcd.  In  solutions 
with  mnoh  trw  acid  or  alkali  which  dimolros  tho  hydrate,  it 
~aa»t  ho  added  oooaaioiiaUy  to  repUou  tho  platinum  taken  uut  of 
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tlio  Hulution,  but  if  the  solution  is  neutral,  or  the  free  Orcid  U 
aettie,  which  acta  well  aud  does  uot  iliBsoIire  the  hydrate,  a  carbon 
anode  can  be  used  in  a  poroua  ban  oontainiti^  thu  hjdrate,  which 
will  then  act  a  soluble  pUtiuuiu  anode,  or  tlie  bydrato  cau  bo 
simply  hnnf;  in  the  solution  and  left  to  di^eolve  as  free  acid 
aocuntulat«s  from  the  action. 

B50.  Indium  can  be  treated  in  the  same  way,  by  the  bydiato 
process,  and  iu  view  of  its  (;rcathardneas  there  may  be  purpoeea 
for  which  it  would  bo  uaeful,  nutwithstauding  its  hiffh  price. 

8$i.  Ai,DM[5iUH. — The  iletwoiliug  of  thia  metal  would  bo  A 
prooeee  of  great  value  iu  tli«  arts.  Several  suob  havo  beoii 
published,  and  some  pati^uttsl,  but  dodo  is  of  any  practical 
value.  In  one  csvaa  it  Is  stated  that  a  solution  of  alumina 
mixed  witli  cyanide  of  potassiutu  decomposes  with  six  Dunsens 
or  ten  t:!mec<a.  This  statement  is  strictly  truo ;  it  docs  decom- 
pose,  only,  unfortunately,  it  doM  not  deposit  alumiuiam,  but 
simply  gives  off  hydrogen.  I  apent  a  good  deal  of  timo  and 
trouble  over  this,  tUI  I  satisfied  myself  tliat  oyano^en  will  not 
unite  (as  a  cyanide)  with  aluminium.  In  another  book  (a  good 
onei,  too) «  proosM  is  given  which  is  essentially  one  for  obtain- 
ing a  solution  of  sulphate  or  cfalorido  of  aluminium,  and  it  is 
stated  that  rn>m  thJa  a  fine  wliito  deposit  of  aluminium  can  be 
obtained.  It  may  be  so,  but  all  I  oan  say  is,  I  cannot  obtain  it, 
Bor  oan  I  find  that  any  one  has  as  yet  tmcubedt'd  in  e0e«tiug  s 
deposit ;  all  the  solutions  I  have  tried,  acid,  neutral,  and 
alknline,  decomptMto  and  give  off  gas,  but  refuao  to  deposit 
metal.  I  Icavu  tlitn  romanc  uuobaiigMl,  as,  though  many  new 
pTiKH.-nMes  have  liecu  publiMh«d  and  Huveral  patented,  I  do  not 
leani  that  any  ratults  liaro  made  their  appcanuiee-  I  believe, 
however,  that  aluminium  may  be  mure  reidily  deposited  in 
alloy  with  other  metals,  and  with  groat  advantage. 

That  aluminium  can  ho  redooed  from  its  fluoride  and  other 
oombinstioas  when  in  a  state  of  fusion  has  long  berai  known, 
and  Bsreral  of  these  processes  are  now  the  souroe  of  eheap  and 
ahondaot  prodnetion. 

853.  ClHete'  WertrNxi/  fumaee  is  the  best  knovrn.  and  though 
it  is  claimed  that  tlie  high  temperature  to  l)e  j^roduced  electri- 
cally is  the  teal  agent,  there  can  be  no  doubt  that  electrolysis 
bringing  into  action  the  affinities  of  oarbon  for  oxygen,  has  a 

Ct  deal  to  do  with  the  result.  The  furnace  is  internally 
ed  by  the  electric  arc  generated  by  a  lar^  tnurent  between 
carbon  electrodes;  oorundum  At,0,  is  mixed  with  carbon,  the  best 
roHulte  being  attained  when  copper  also  is  present  so  as  to 
produce  an  ^oy.  The  furnace  i*  fira-briclc.  thnmgh  thoendsof 
which  sliding  roda  of  carbon  pass,  which  ate  gradually  drawn  out 
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ns  th«  heat  ecnerntwl  permits  thcaro  to  be«nUirge<l.  After  Uie 
cluirgd  U  rcduwcl,  th«  funiftco  ia  allowod  to  cool,  wltcu  tlie  ui«tid 
u  toantl  in  ii  miuut  on  Uio  floor,  which  is  tnxlo  of  powdered  carlton. 
85J,  The  JttrimU  procn*  xnakvn  the  furnnco  iUi«lf  f>De  of  the 
olootrotW :  it  is  ma(li?  of  irmi,  WniA  wUIi  jKJwdurod  carlMn  and 
tar,  which  luttur  iu  burnt  off  i»  Uiu  tiHitnl  pMcvtw  of  oarbon 
Diakiog,  §  2^8  ;  tho  nni.xlo  of  cnrlxin  aliilon  ttin)iij^h  tho  top  of 
tltiH  rtiriiiioo  or  intiininti)'  hvntod  criicilfto ;  c(i]i)>i>r  or  other 
euitublu  niutnl  in  put  in  tlio  liottom,  and  formit  Ihu  rval  cathoile, 
and  tliu  oi'v  in  put  on  Uiiit  iind  moltvil  hy  tlio  iiro  formed :  itN 
oxyxun  niiitoH  with  tho  oarbon  unodi',  which  hatt  tbcrcrora  to  1m 
ooutinuoualy  niovod  furwanh  In  tiiiH  prociMo  tho  prc-duct  ia 
run  off  ut  ititerviilH,  and  frush  chargos  run  in  without  cooling 
tho  furnaco. 

85,^.  Otlicm  Tudiico  tho  fluorido  of  nltnniniiim  and  Bodium, 
cryolite,  mixwl  with  tuxlium  ohlorido,  tho  fusing  (tolnt  of  which 
is  e'jj"  0.  M.  Minvt  Bitystbis  works  with  5-5  rolta  and  a 
denuty  of  i  amjiuro  [wr  mgnaro  contimctro  of  carbon  anode. 

OUioni  UKu  thi!  fiiBod  cryolite,  but  only  tm  a  solvent  for  alumina, 
which  IK  Hupplieil  iis  roduood.  It  ih  ntatcd  that  carbon  is  cou- 
Aiitiiud  about  oqital  in  weight  to  tho  alumininm  produced,  luid 
that  I  electrical  II. P.  in  nscd  per  ^  lb.  of  metal. 

8;;.  T^ad  and  tin  may  bo  dopontcd  from  their  combination 
with  iKjtjuli,  but  it  can  rarely  bo  worth  doing ;  they  botli  hiivo 
a  ttnJiriicy  Ui  mut  i.nl  Oirwde  of  metal  acrosn  tho  sol  11  ti  on. 

Lillmr>;i;  lii>ili<l  m  ,  iiiHtic  j)ola«h  it)  probably  the  boat  for 
lead;  butnoinu  us<^  iiix^tAto  or  nitnito  of  lead.  Tho  principal 
UNL'  in  fur  ciil'.urinjr,  5  72J. 

WhiU  h-ni!  1;;  ;il:..p  (>tixlTtwil  by  a  patent  process  from  an  aiiodo 
of  lead  itiu  NibiiiiiikcptBUppIitd  wiUi  carbonic  acid,  and  is  «uid 
to  bo  of  l^x(!l;llvIt(  iiuiklity. 

StAJiiiatu  of  polimh  can  bo  prepared  by  boiling  tin  oxide  in 
potash,  am!  is  uHud  like  tho  lead  cuinpound,  Rome  odd  pyrophcw 
plialo  of  W)i)a  and  cyanide  of  potaaHium. 

8;6.  Itvjining  had  ia  eCTeoted  Ijy  cloctrolyaift  of  the  rongh 
metal  in  a  Hulution  of  lead  aulphate  in  acotato  of  aoda :  iron 
and  «ine  oocumnlato  in  tho  oolution ;  gob),  ailver,  and  antimony 
remain  en  the  anodes  from  which  they  are  brushed  and  reduced 
ohcmicalty  -,  tlio  k-ad  ia  deposited  ni:arly  pure,  and  it  ia  said  at  a 
lean  cent  lliiui  by  tho  ordinary  prooi.'Ktiea. 

857.  Itifjtninif  copper  ia  aimilarlv  carnedon  upon  avory  largo 
scale,  and  tioiiiu  attcmpla  havu  bcun  iua<Ie  to  reduce  ores  by 
electrolvHia.  Tho  iiToeeaa  is  tho  same  aa  the  ordinary  ouoof  de^ 
sition,  but  carried  out  on  a  large  aosle  by  large  current  giving 
(iy!>aiuo  iuachini'«,  with  a  nuiubcr  of  TSts  suitably  arranged. 
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Sj8.  Amtyement  of  caff.— Thc«o,  Uk«  c«I1h  of  1iatl«riea  $}  17] 
and  ;  }0,  aro  cutiiiCRtvd  in  wcrics  or.  in  pitnillol  im  suit^nl  to  tho 
EMF  Available  and  tho  ourrvnt  ri.-<|ain.vl ;  thtn  niii)U<-»  tviiially 
to  large  rclinericA, or  toamall  workit  wlivrodeiioHita  of  diHcrent 
kinds  are  produced. 

It  ia  obvioim  that  tbo  djnamo  muiit  gii^ncrnli!  au  £MP»r 
voll^egRMtarthnuHnvopomtioa  iMcdM-  II' it  im  dt-Kt^K^I  only 
for  uat  fori!U  it  in  evident  tliu  vatK  or  cxUIn  inuHt  nil  Iw  iti 
lutrallel  to  drAw  ciirrvnt  from  it,  but  if  any  oporittion  neoila 
only  half  the  generated  voltagu,  then  two  vatat  may  he  put  in 
Beriee. 

8i>  it  mar  be  Monomionl  to  anrango  the  iilmit  in  nuch  n  way 
aa  to  have  Irom  the  machine  a  higher  voltikgc,  Iml  Iuim  oirreul 
than  the  work  roquirea,  and  thi^n  iuni  tli«  ourrciit  tM-veral  tituc* 
in  Tata  in  serice,  «o  maiiv  ua  thu  E  &[  F  iiennita.  In  Uiia  way 
other  work,  needing  higner  voltage  (Hncb  as  arc  lighting),  eau 
bo  done  in  jiarallet  from  tlie  machine. 

But  talt  in  teritt  nrtd  earr;  work  niiitil  not  be  Kmoved  from 
any  one  soaa  to  nit  olT  current  from  the  whole  oeriesi  it  ninst 
1m  removed  by  auall  tiutaliuciits.  or  elne  a  Mjukre  vat  Bhonid  be 
provided  and  tiimed  intu  tho  circqit,  in  place  of  one  about  to  be 
emptied. 

Dynamo  madiini'S  for  dloutrolytio  work  alioiitd  always  be 
made  te  give  a  countiint  E  M  F,  no  mutter  wlint  current  they 
may  be  called  U[H)n  to  give,  large  or  muiill. 

859.  Waste  IN  Action. — InadnalwurkinK  tin;  various  flgnrea 
or  reaulta  otatvd  will  never  lie  nulixed  :  there  are  cauB««  iu 
oiwration  which  dimiiiitih  the  ruinilt,  liut  thcae  vary  iu  each 
ease  and  aooording  to  the  cure  nf  the  <>[>c'ruUir.  who  nknat 
tlieiefore  ascertain  Uie  "  diacxmnt  "  aii])licab]u  to  Uia  owu  work. 
Bftd  OODliections,  or  accidental  cuntiiota  may  Bcnd  tho  carront 
aomo  other  way  than  through  the  eolntion. 

The  lohfiU  atirayt  laka  metal  from  tho  deposit,  making  it 
apjicor  Ic«fl  than  it  slinuld  bo.  Tho  cyanide  aolutiont)  always 
attack  the  depoeit,  especially  whon  heated.  But  oven  copper 
in  sulphate  of  copper  is  attacked:  by  an  elaborate  miritM  of 
exporimenta  Gore  showed  that  a  ioes  ranging  fVom  i  per  cent, 
np  to  oven  18  in  Bomo  heated  Bolutioos,  occurs  witli  copper  mllM. 
Idonotcooaidor  that  a  loss  of  even  'J  per  cent,  ehonld  oovnr.bnt 
it  diqiends  on  tho  purity  of  the  iialta  and  acida ;  any  iiitratea 
preaant  would  incnaso  the  lees. 

Bjfiro^m  ^ren  off,  as  with  nickel,  S  636,  impttc*  a  defieicney 
of  metal  equivalent  to  it. 

860.  Or^Nu*  a<iA»  bnvo  jiocaliar  rnlafiona  to  motaU.  and  their 
proMaco  often  brings  about   gn»t  modificatiooa  of  chemical 
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actions.  This  has  beea  found  of  serrioe  in  electro-metaUnigy 
ftnd  offers  ft  prospect  of  many  new  oitos. 

Catt-irem  aad  ateel  httvt  been  ooaUid  with  copper  od  the  Urse 
scale  for  many  years,  as  for  lamp-puttls,  ntAtues,  Ac  by  Weil's 
solution,  which  is  iniido  thus,  i  ;o  rarts  of  Roohelte  salt  (tartrato 
of  soda  and  putusk)  ore  discolvcA  in  looo  parts  of  water ;  80 
pattu  of  aoda>lim«  oontftitiing  Ko  or  60  per  ceot.  of  oaostio 
Bodft,  and  )S  parts  of  snlphule  of  ooppor,  ore  added.  The  liuio 
removes  tbo  sulphuric  acid  axui  the  solntioD  remains  a  stroouly 
alkidiae  one.  This  Bt)luti<m  maybe  used  with  «  hnttery,  but 
is  best  workod  by  ninglc  cell  proooss,  oitlier  hy  attaching  >i»o  to 
the  objeotit  or  by  tiding  a  poroiu  tobkoI  oontainiug  oauatiu  ttoAa, 
for  the  xiiic.  Ah  thu  ix>pj)cr  ia  rcmovod  an  equivalent  projtor- 
tiou  of  oxide  of  copper  buouKI  be  nddwl. 

Similar  Wutions  can  bo  usoA  with  nickel  and  other  metuls, 
and  other  organic  nci  Js  haw  similikr  cfTucts ;  at-n  §  8}2. 

861,  DKrwiiTiwtt  Ai.LOVs, — It  is  siipposwl  by  many,  and  tho 
idem  IK  supported  by  muty  indiri^t  Elatt:mentii  in  the  books, 
tbiit  metals  deposited  by  electrolysis  are  alisolutcly  pure ;  but 
this  is  a  mistake,  as  for  as  the  principle  its  oouct^rneil.  It  in 
tnio  that  the  current  exercises  an  elective  influonee  when  mlts 
of  several  metals  arc  in  company,  as  explained,  i  £99  ;  this 
depends  upon  tho  force  that  each  ohomical  compound  roqiuies 
to  iTimk  it  up,  and  therurorc,  as  a  rulo,  the  most  uaily  deoom- 
]HiHi:<l  will  di^pusit  its  metal  in  prefcronoo  to  tho  others ;  but  if 
Uio  fiiroe  Ih)  suflicieut,  all  will  lu  docomposod,  and  a  inixtuni  of 
metals  will  oome  down,  S  d^.  I'ho  solution  also  exerts  a 
seleotire  indueuce  on  the  materials  of  tbeanoilc;  henoe  pure 
copper  can  be  obtained  in  a  solution  of  the  sulphate  from  an 
impure  iilato,  beoaunc  ibo  tulpliurio  acid  refuses  to  diasolre  the 
carbon,  lead,  tin,  Ac^  which  hna  u  coating  over  the  plate,  whilo 
any  xino  and  iron  puwing  into  solution  require  so  much  more 
force  to  deoompooo  that  they  remain  in  solution ;  but  i>liro 
ooppcr  would  not  bo  so  cosily  obtained  frum  a  solution  \of 
ohloritte,  nitrate,  ur  aontate,  as  these  would  carry  over  tU0 
cosily  reducible  metals,  which  would  deposit  even  before  copper?'^ 

86].  But  tho  object  in  depositing  alloys  is  to  secure  ado- 
finite  proportion  of  a  given  quality,  ana  as  to  the  mode  of 
clTi-cting  tnis  little  is  really  known.  The  subjeol  is  of  so  much 
interi.'sl,  and  may  have  ho  much  importttnoo,  that  I  depart  from 
my  usual  practice  of  stating  nothing  that  I  huvo  not  tbomghly 
tested.  In  tltis  case  I  pmposc  to  give  the  particulars  of 
various  solutions  for  depositing  brass  and  bronio,  and  then  a 
atatetocnt  of  tbo  principtcM  to  W  attended  to  in  any  attempts  to 
devise  solutions  and  mode*  of  workitig. 
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Tho  quantities  are  prc^rlJona],  grains  or  otmcee,  &o. : 
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e.  Do  Sulwdo. — Dissolro  th«  oyani^o  of  potaxKium  in  tao 
parti<  of  thu  WDt«T,  thi-n  iii  thn  roinaiii<Ii'r  diiwolvo  tho  Mlt*  of 
potuiii,  r.ino,  nippcr,  ami  atnnKmin,  raiKing  the  boat  to  alioitt 
150°  Pahr.,  mltlitig  <!iid)  lalt  ok  thu  linit  im  dlnKiU'et],  and 
Ktirring  well ;  then  mix,  tUiA  allow  to  ittnn<l  a  few  <layti. 

3.  De  Salxodo.  pri-purod  in  K*tno  way  as  I. 

Both  are  \rurk<Hl  with  bninH  anode,  and  a  Intlory  of  two 
Bunsen's  cdls  K>>'i"g  <^  f^l'  cnrniit. 

BrotuM  nay  Bo  tlopotiitv*!  l>y  KiibHtitiiting  chlorido  of  ttn  for 
the  8iilphat«  of  nine — 25  ]iarla  in  1,  and  )l  in  1,  working  at  n 
temperature  not  excewliiif*  97", 

J.  Divide  the  wat«r  into  two  parlit,  and  one  of  theM  into  four 
parts,  and  dissolve  the  salts,  i,  the  oopper,  and  add  half  the 
amuonia ;  2,  the  sine,  St  about  t6o°  Falir.,  and  tlio  re«t  of  tbo 
auiniouia;  ],  the  potash;  4,  the  cyuiide  of  potaatiiiiui  tn  hot 
wator.  Then  mix  I  aud  2,  and  add  )  and  then  4,  stirring  well ; 
tlieu  add  tlie  remaioing  half  of  the  watvr. 

Work  with  braaa  anode  aud  full  Uattvry  trawer,  addiug 
ammonia  and  cyanide  of  potassium  when  mquinMl, 

4.  IttiffioU  and  Woolricli.— DtKSolve  tlio  salts,  and  odd  HUfS- 
cicnt  cyanido  of  potassium  to  tx-dixtHjlvb  the  prcdpitsle  funued 
and  Ix!  somewhat  in  axctmt.     Vt'orimd  with  brass  anode. 

5.  Dimolvo  sepaiwlely  and  mix. 

6.  Dissolve  and  mix,  addiug  the  vyiuiidu  huU 
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7.  This  IB  to  bo  praparod  l>y  tho  buttery  proccM)  the  solution 
boing  mado  and  worked  at  tjo'*.  A  Urgo  bnm  mkhIo  and  ft 
BcnnlT  c»thcido  nro  conncctod  to  a  battery,  luid  eurrunt  pasaud  till 
tho  HoIntioD  dopositB  frooly. 

8.  Bruno U.^JUiflsoIvo  sopnrfttoly,  mix  tbo  copper  and  itinc 
solutions,  each  witli  pnrt  of  tbo  potash,  then  with  iimtnonia 
enough  to  rcdissolvo  all  tin^cipitnto,  aod  add  tho  cyMiido  solu- 
tion. To  bo  vrnrkod  with  largo  brass  anodo  and  two  or  mora 
Uiinson's  colU,  adding  nRimonia  titid  cyanido  as  roquiml. 

It  is  stated  by  Wiitt  llint  tho  si^lntions  i.  7,  and  8,  conlAiuing 
ammonia,  work  tbo  U-st,  bocnu^o  tht'y  dissolve  tlio  zino  from 
tho  anode  moro  (twly  ;  and  that  whoncvor  a  white  dopoait  form* 
on  tho  anodv,  frou  aniiiitiniii  HliDuld  In  added. 

Nil.  6,  which  in  MorriK  and  JohuHon**  is  lapokcii  of  very 
highly  by  sumo  un  giving  giKid  di-jHwits  capablo  of  varying  pro* 
portiunti.  It  iH  Ui  \ns  wurki^d  hot,  and  rcqniruo  Htroiig  battury 
|Kiw<!r,  giving  off  abundant  giix  whilo  working. 

Wi-il'w  Molutioi).  S  8C0,  oin  In;  unod  to  deposit  bronw>  by  ailding 
Ktaiiiiatc  of  soda,  or  vlilorido  of  tin  dissolvod  in  cuustio  soda  ;  or 
liruHs  by  a  KimiUr  addition  nfxiuc  diseolvod  by  caustic  soda,  and 
HO  on  with  otlii^r  malals  iis  dLwred. 

8£}.  Principle*.— (t)  The  object  to  ))o  attained  is  tlie  dnpontt 
of  dt^linite  prci]ioKiouuto  weigbla  <>l'  two  or  mure  motuls ;  but  as 
tho  cunvDl  knows  nothing  about  woighto,  but  mcosnros  Su 
work  by  oquivati^iita,  tbo  proportions  by  wei^lit  deHinnl  innst  bo 
roduocd  to  equivalent  proportiona,  by  dividiiiK  tho  weight  by 
tho  vloctric  equivalent  given  in  tho  (able,  p.  }08.  TIiuh,  a  bras* 
is  ro(|nircd  containing  6a  copper  to  {Gzino;  64-i- JI-7J  =  a>o] 
and  j6T-ia-6  =  I'C^giToa  tho  proimrtion  in  wbiclitlio  current 
luuat  divide  itself  between  the  salts  of  copper  and  xJno. 

(i)  The  solution  need  not  contain  the  two  metals  in  either 
uf  the  two  proportions,  weight,  or  ei|uiv.ilvnt:  tho  nthitive 
degree  can  have  no  fixed  law,  as  it  muMt  dipoiid  i>n  several  oon> 
ditions,  and  mainly  npon  a  oombinud  c<>uiiidi-ration  of  tlie 
facility  with  which  the  two  salts  decotnpoxu,  and  tbo  ciuivitlcnt 
pro[>ortion  required  to  be  decomposed. 

(3)  IiKompatiblo  salts  cannot  bo  joined  in  en«  solution  (that 
is  to  say,  salts  which  exohaage  their  oonstituenUortlirvwdoin^ 
ft  jiorUon  OS  insoluble),  nnleea  another  ingrettient  is  to  Iki  a<lde9 
which  will  rodissolvo  tho  prccipitote;  thin  latter  is  often  tho 
ousu  wlien  ammonia  or  cyanido  of  jKitossium  is  to  be  added, 
luoru  os{K<cially  ammonia.     In  fuoli  citsca,  however,  it  must  bo 
UHUertainod  that  theso  new  oonditions  do  not  alter  tho  rolativik 
oonduotivity  or   dooompofability  of   tho   various   metals   Sfl 
Aolution.  ^M 
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(4)  U  i»  of  tko  ntmoHt  importAnixi  that  tlic  mvInU  of  wliicb 
iha  alloy  coDninta  iilioiild  tint  n&ve  anv  Htn>ii};  ok-ctiic  ivtations 
to  CAoh  oUiur  ill  tlie  Hulutioii  to  be  imca.  It  mtut  Iw  rcmeniberi^ 
that  what  in  coll^l  the  eleclric  order  uf  inctutii  \k  n  ]iun>  doliiHioD, 
iinlecs  tnkuii  In  a  |iartioiiIar  solutiuo.  fur  a  nivbil  may  l>r  poaitire 
to  ftnothor  tantal  in  oa«  solutiou  and  ucgiktivo  tti  it  in  «noliieT, 
as  tliii  do]>oiidH  tin  tbo  roUtivo  atHiiitii-i*  of  tho  mctuts  to  tho 
other  mdicalii,  S  605. 

(;)  It  in  denrabte  that  ike  several  caltji  kIiouIi)  hnro  nearly 
tlio  Kami!  idt-ctrio  roaiatince,  or  that  th<«e  rvsiatAnooa  (which 
pnrti}-  (leiHoid  on  iho  quantity  of  eaoli  khU  iliMfolvod)  Bhoald 
bo  ]ir(>]i»rtiuucd  Ui  the  relative  ourrenls  r(N)iiiro<]  (mco  i);  but 
this  iM  not  caneutial. 

(fi^  It  in  emetilial  Uutl  the  luitteiy  power  bo  balanced  against 
tlto  uocunijxiKuliiHiv  of  thi!  ticvvralaattii.  Thin  u  ditftinct  froto 
their  reiiintanci.'.  bach  oliijuiioid  cdtttkiiialiou  ix-itlM  a  fixvd  furco 
to  decoinpoHO  it,  and  thia  in  i>ni>ct«d  by  uiainlaining  a  sufficient 
olectrio  tvnHionat  tho  iitatce  to  effoot  iu  Thin  may  lio  cvllod 
the  tpecifif  vuiUciUar  rcxulance,  set  up  at  the  cath<idu  only,  wliilo 
the  «l«ctric  ri«ii>tance  \iv»  iu  the  spooe  between  tlio  jilateit.  If 
tbeto  is  A  givvit  differeiiee  between  tha  ti|>ecifie  inolociilar  nwiat- 
soeo  of  thu  different  salta,  the  ourrant  will  tanil  to  rodnco  tho 
lowwt  only,  and  Uiat  perhapa  Ju  a  powdery  ntalo ;  in  Mticb  casra 
Iho  only  reniudv  la  to  liave  only  a  sufficiency  of  tlio  nmikfr  mlt 
preaent  tonupply  tho  renuirod  duiiout,  thua  forcing  tho  oiirreut 
to  aot  sufficiently  upon  the  more  reaisting  salt,     bw  S  €99. 

S64.  pKAcncAL  btiao^TiOHS. — 'lliere  is  only  one  mode  ofmitiB- 
faotorily  examining  all  tbeao  pointa,  aud  this  is  to  iiml  each  one 
by  means  uf  a  galvanometer  which  will  lueaonre  th«  actions  un 
»  definite  system.  Ynsels  of  the  same  tiaa  should  bo  iMod 
for  oomparinK  diflbrant  solutions,  and  platee  of  the  diflTi-mnt 
metals  aod  aim  of  the  donnd  alloy  provnlcd,  all  of  exactly  the 
same  fiizc,  unch  a§  a  squaro  iiidi  or  t  x  i,  with  euch  an  arrange- 
cient  as  will  iusuro  always  tho  same  dititanca  between  them ; 
then,  to  asoertain  if  tho  condition  4  is  fulfilled,  tho  two  metalH 
areeouneclod  lo  tho  gnlvanoiDOtorasif  tbcy  wcrobatter)--platei>, 
to  see  if  a  cuircat  of  iiotablo  amount  is  eet  oi>.  The  same 
■rrsagement  tvsts  condition  5  by  naing  two  platoa  of  the  same 
Dietal  as  the  solution ;  tho  groator  tho  rcsistaiice,  tlio  lum 
ourreut  wilt  pass  from  a  constant  battvry.  Condition  6  can  Iw 
tested  at  the  soino  timo  by  obsorving  how  many  cells  of  the 
battery  are  reaiiircd  to  force  a  given  onrrvnt  through,  but  tliis 
test  will  bo  only  approximate,  as  tho  resistance  sRects  it ;  still, 
it  will  give  practical  information. 

Care  must  be  taken  that  thoro  is  suffidcnt  Ircc  Eolvent  aod 
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alKO  w»teT  to  fiool;  diiwulvo  the  anoda  and  ko«p  it  cIo*a.  w 
BomotlmM  ODO  metal  will  diMolve  mora  raadily  than  tho  other. 
This,  iw  well  as  Dtlicr  |iaiiit«,  will  lie  oxoertaifted  iu  tho  expori- 
moDtal  Toisol  hy  loaliug  with  Hoparate  anodes  of  the  rariont 
xaetols:  tlkvy  ought  all  to  allow  the  siune  current  to  pam  under 
the  BUQo  conditions,  because  this  depends  wholly  on  the  action 
of  the  anodo. 

It  will  ho  obaorvod  that  the  obji^ot  in  tlicso  ex))erimentii  ia  to 
isolato  and  vary  one  particular  tticl  at  a  time  and  mouure  itii 
influunco. 

865.  Ahodes. — These  sliould  usually  bo  of  tlio  kind  to  bo 
dopmited,  so  ikS  to  maintain  tJie  solution  uniform,  But  It  may 
1x)  dt«irab1v  to  use  several  plates  of  the  separate  nietala,  H 
I  tliiuk,  may  Iw  found  a  pnnciiile  in  altojr  depositing  which 

not yit liiiu-n  Mnplojed — vis,  to  use  a  aepanite  l)att«ty  for < 

nnotto,  Ki>  ax  to  vary  the  force  exerted  on  ea«h  metal  a«  neoeasntiy; 
liy  tliis  mciuiM  both  conditions  may  be  oontroltnd,  esaolly  the 
proporproportionscf  each  metal  nuty  be  forced  into  the  suluttou, 
and  tlie  required  tension  may  lie  exerted  upon  each.  It  ia  true 
that  the  inetali)  are  not  trunHfi-mid  by  the  current  ilaelf,  and 
therefore  the  difforont  onrrviit*  will  iii>t  select  at  tlio  ntth<Klo 
their  own  particular  motal,  but  n  nafficicnt  electric  Tonw  for 
each  will  bo  present  at  the  cathudo,  and  the  duo  utilinnK  of  it 
miut  bo  provided  for  by  attention  to  tlte  other  conditiuus 
cxnltiiiKiI.  'A  Minilar  result  may  be  attained  with  one  battery 
stiraoieatly  powerful,  by  leading  separate  oonnoctions  from  tho 
positive  pule  to  eaoh  anode,  and  interpoBin^  rcsistnnces  so  oa  to 
oontcol  the  current  to  each ;  but  distinct  batteriiM  would  bo  host. 
Of  ciiUFBi!,  all  the  negative  poles  would  go  to  the  object  to  be 
di^poulLHl  on  the  catliodo ;  it  would  also  be  diwirnblo  to  have  a 
galvanometer  iu  tho  circuit  of  each  anode  to  socuro  accuracy. 
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In  a  paper  by  Mr.  0.  C.  V.  iUdines  on  llio  Modern  Ajiplinitiuns 
of  Piluctricily  to  Metallurgy,  J5Ui  January,  IH9J,  tlio  ccnoral 
law  of  vlcctrutysia,  |  684,  is  stated  to  havo  boon  first  publislied 
by  Dr.  Kiliani  of  Uiiniob,  in  1885.  It  was  really  tirst published 
by  myisclfintho  EinjlUh  Michanie,  to).  XX.  p.  2, 18th  September, 
187-1. 


(  «1  ) 


OHAPTER  XI. 


TF-BiasTaiAL  ELBcrRicrrr. 


866.  Eastr  Cosbeitts. — The  te1«^i>Ii  liuoa  h*ro  revwled 
the  cxlateaM  of  ourrenU  dae  to  oauaes  indepftDdont  of  the 
bfttterloKt  Tkrying  in  direction  and  also  In  atreneth;  tlioy 
frequently  render  it  impoasiblo  to  send  laeaaage*  uong  lines 
\>j  means  of  tixo  nsnul  earth  plateu,  hut  neocesttate  *  rotnni 
mtIto  circuit,  jirovinK  that  the  B  M  F  esista  at  the  uikrtU  |>l«tos. 
not  in  the  •unr^.  It  has  also  heen  found  that  lines  linving  oast 
and  wcAt  direction  are  mere  disturbed  than  tliose  having  a 
Dorth  juid  south  direction.  It  is  not  neoessaiy  to  co  fully  inle 
this  vubjajt,  aa  to  which  knowled)^  is  imperfect,  thoiiglt 
growiDg,  bat  the  following  parlioulan  arederivol  from  various 
oommmiioationit  1o  the  Institution  of  Elcotrical  Enginrcre. 

867.  The  usual  effect  of  the  oartli  ourrent«  is  that  of  a  low 
EMF  oontinuatlv  iluotualing  in  intensity  while  nearly  con- 
ataut  in  diteclion,  which  may  l>e  conoiilored  the  nermal  action ; 
there  arc,  however,  revemubi  of  dirMtion  of  the  current,  though 
it  seldom  obanecK  its  line  of  oonducliou;  and  at  time*  there  ore 
great  and  rapid  ehonges,  both  of  furoo  and  direction,  which  are 
called  magnetic  tlormt. 

Sfi8.  A  gmerat  eaute  produett  ihe  tvrrenU  ;  they  are  not  <lno  to 
local  oonditiona  at  the  two  points  cx)nneeted  by  tlio  wires,  fur  o 
comparison  of  oboervatione  taken  at  many  dilKitent  ports  ohowa 
Himultaueous  variatioDS. 

869.  The  general  dfrecfion  of  Ihe  eurrenls,  that  is  to  My,  their 
coun>io,  a]>ponn  to  be  along  the  lines  of  magnetic  latitude,  those 
of  equal  declination,  or  north-east  and  Bouth>we«t  in  England  ; 
this  of  eoune  must  be  the  ease  if  the  ourrentA  and  thu  earth's 
magnetism  are  in  any  nay  eonnected  together.  EHininating 
the  various  disturbing  caunCM,  it  wunld  oppcar  that  the  proper 
direction,  that  is,  the  normal  currmt,  /olttui  the  mn  .*  tliat  is  to 
Bay,  it  corresponds  with  Fig.  39,  p.  8£,  and  with  Fig.  ;i,  con- 
stituting tlio  earth  a  magnet  with  its  south  pole  pointing  north, 
which  IS  rvally  the  case  if  wo  compare  the  eartli  with  one  of 
our  magnets. 

B-jo.   The  E  M  F  corresponding  to  the  currents  ig  uxually 
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atwut  volt  'o^  ])or  mil^.  During  a  gcnoml  diBturiance  iu 
Jiiuuary  iSSi,  it  roae  to  volt  -;  fut  mile,  and  at  tbo  same  time 
ail  unuHuul  disturbanco  ooouired  io  the  activity  of  tlie  sun ; 
iu  other  coaca  a  foroe  of  a  volts  per  utile  baa  beoa  observed,  and 
it  in  said  to  have  risen  as  high  as  6  volta. 

The  E  M  F  shown  in  submarine  cables  la  mnoh  lower  than 
that  of  liLud  lines,  rarely  exoecdiog  i  or  a  volts  for  the 
whole  cable;  but  it  does  not  follow  from  this  that  it  is  wmlly 
lovrcr  iu  the  ocean  than  in  the  cortli.  The  rL-sistanco  of  the  htA 
is  praolieally  nothing;  the  lino  in  which  tho  eailh  oiin-ent 
is  set  np  is  really  a  niero  derived  circuit  from  the  nattinJ 
one;  thoroforo  tho  current  traversing  tho  conductor  will  of 
course  bo  proportional  to  these  rcsiitanccs  and  must  needs  bo 
lower  iu  cable*  trarcming  tho  sea  tlian  in  lines  dividing  with 
the  earth. 

6^1.  The  EMI''  has  periodic  variatiom.-  it  hss  a  Jiurnat 
variation,  with  maxima  about  lo  a.m.  and  4  I'.m.,  also  aft^T 
midnight,  and  a  minimum  near  sunrise.  InfonuAtion  ou  this 
]Hjiut  ia  scanty  and  not  to  bo  roliod  on,  but  it  tndicatca  a 
i;i^uiiootion  with  the  solar  heat  corresponding  to  tho  maguetie 
variatiiin,  S  }49.  It  also  shows  that  wu  mtint  rej^aiil  tbo  earth's 
luHguotisni,  not  as  consiiitinf;  of  imc  definite  homogeueoua  liDOt 
Huoh  US  would  be  due  to  a  permanent  bar  magnet  juuitdng 
through  the  earth,  or  to  one  susijondud  within  the  earths 
interior,  but  rather  as  due  to  a  sorice  of  independent  b&ru  ur  Umm 
foi-minga  shd),  onch  line  of  which  has  its  own  local  infliiei^^H 
and  independent  motions,  lx«id<-B  combining  to  pi-oduoe  ol^V 
total  ofToot  of  the  earth's  magRotism. 

671.  Magnrtic  *torvu  arv  aliio  periodic  and  related  to  M^r 
acti\-ity,  tho  maxima  and  minima  of  frequency  coiuuldlng  with 
tho  1 1 -year  cyclu  of  sun-spots,  and  ejtocial  storms  havo  oft«a 
been  found  lo  ooour  in  company  with  the  outbreak  of  largo 
Bjwts  on  tho  siin  ;  soo  5  1  ^3. 

87  J.  It  would  appear  from  observations  of  Mr.  A.  J.  8.  Adama 
that  tho  poiiti'fn  0/  iJig  moon  as  regards  the  earth  Iihh  Homo 
important  inllucnco  upon  the  normal  current,  though  we  niay 
not  adopt  ull  tho  thuories  on  tho  subject  which  he  oxsiiiincil  iu 
a  paper  piibliHticd  vol.  x.  p.  i^, '  Journal  of  Uocioty  of  Tclegritphio 
Kogincors'  for  i98i. 

674.  The  moiptetic  variatiotii,  S  )49,  indicate  thtit  tlie  prcscnoo 
and  position  of  tho  sun  is  acting,  and  wo  havo  two  modes  of 
action  to  ooDsidor :  i.  Tho  thormo-oloutrio ;  we  have  two  points 
of  gntwiug  and  diminishing  heat  at  opposite  sides  of  iha  oaith, 
and  poiula  of  maximum  and  minimum  heat  between  them,  nnil 
Uicw  iioiuUi  travelling   round  the  earth.     2.  The  mugnetio: 
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variation  of  temnaraturo  modilloa  magnetic  capacity  and  iu- 
tend^,  S  1 H ;  all  tbe  natorialit  of  the  earth  aio  ma^'neuo.  and 
tinamon  the  heat  of  the  eun  lUTist  produce  a  Htate  of  lower 
zoagDetiBm  travelling  around  the  earth,  with  an  eleotrio  current 
as  a  oou^oqucnoo.  All  these  no  doubt  play  their  respective 
parts  in  the  total  effect. 

875.  As  the  magnetic  polarity  and  intensity  of  Ihe  earth 
aodergo  coustont  changoa  at  oacb  locality,  which  are  tanki- 
tnount  to  moving  a  majin^et  across  tho  normal  earth  currents, 
it  follows  that  we  ma^t  expect  a  variation  in  those  cnrrents 
themselves;  but  which  U  really  the  cauae  and  which  iaoff^t 
wo  must  wait  to  learn. 

87S.  Suri>o:>Ki>  Static  CaAiutKt. — From  ohscrvaliona  taken  at 
Kow  and  Groenirich  it  appears  that  no  ohangittsin  the  electrical 
ocnditions  of  tho  atmoaphoro  aro  found  to  accompany  tho 
magnetic  storms,  m  drcumtttanco  of  groat  aigiiificanco  to  any 
theories  baeod  npon  suppuiKd  atatiu  charges  on  thu  t-arlh. 

Tho  iilca  tliat  dtatio  diaries  exist  upon  the  budics  in  spocd 
is  a  very  favourito  unu  witli  thooriKt*  who  wish  to  explain 
comota'  tJiils  and  other  mattvn  Ifoyeud  our  knewledpi :  lh«y 
□Bually  furgct,  huwovcr,  tliut  tho  very  nuturo  of  ulcctricity 
involves  equal  opponte  charges,  and  would  nooossitato  that  in 
the  solar  system  tho  sun  iimat  have  a  surfaoo  charge  o<iaa] 
to  tlio  sum  of  tho  opposite  charges  upon  nil  tho  planotd. 

877.  CosuicAL  Elxctiuuty. — It  is  natural  enough  to  imagiua 
that  tho  myGtoriuas  ODd  •oemingly  all -pc r vailing  forcu  of 
electricity  may  play  an  important  pari  in  astronomical  {>hono- 
mena  :  there  is,  however,  do  warranty  for  the  suppoHiticn,  and 
when  wo  consider  that  «lcctricity  is  a  purely  molecular  relation, 
thero  is  good  roMon  to  believe  that  uothing  raMmbliugolcclrical 
or  tnagnotie  action  oocuni  acrutis  s[iaou.  That  energy  trnveraos 
•paoa  u,  of  CKiurae,  curtain,  but  iu  which  of  itu  forms  it  dues  so 
is  tmkDown,  though  Uj^ht  appoani  the  most  probable.  Bnt  tliora 
it  no  sort  of  evidence  that  anythinj^  resemhlin};  static  eluolriool 
iictiuns  OGOurv,  ur  that  thu  coamieal  bodies  have  anything  in  tJie 
nuturo  of  free  charges  of  electricity. 

Ther«  is  mudi  evidence  that  simultaneous  aclions  occor  upon 
tho  Hnnuudthe«u'th,  §872,  hut  the  ooiumondeducliou  tJiat  they 
are  of  the  same  nature  hals  little  foundation  :  it  may  he  natuml 
enough  to  Imagine,  when  a  sudden  magnelic  action  occureoa  the 
farth  which  in  accumpatiied  by  an  ajiparvu  t  action  on  iho  sun,  that 
tliiH  solar  action  in  of  the  same  onler,  ek-ctrio  or  magnetic,  and 
tliat  Ibe  ouuuoctiun  across  spaoo  is  an  action  of  these  forces  such 
oa  wo  oliserve  in  our  fjipi^rimcuts.  JJut  oth>ir  enually  valid 
cxuhiuatious  aiu  available,  because  we  kuuw  perfectly  well  tliat 
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luagnetio  and  dtectiio  |>]i«aomoiia  do  ordinarilj  nrieo  from  trnns- 
muUtiuns  of  energy :  tlio  heating  of  a  jtmctton  of  iron  and 
German  aUror  winut  nt  onoc  prodaoea  electric  current,  and  will 
Ronerato  a  magnol.  A  di>itiirh«nco  in  the  oini«oa  of  onerjnr 
iVoin  tlio  Kiitt  niny  wcU  j)roduco  magnetic  actions  on  thu  eartli 
tbough  uo  mn^iollc  action  may  occur  in  tbosuu  iiEelf,and  no 
inagiivtic  or  cloc(ric  Iti'ld  of  force  exist  in  space. 

878.  The  nntuiu  of  olc-ctricity  ibfolf  ia  opposed  totboideo, 
whvn  wo  recognize  tUnt  it  involve*  two  equal  opposite  charges 
oou'icctod  by  lineit  of  forco.  Therefore,  it  is  impuMiblo  to 
coHceivoall  tlio  bodies  in  apoco  "cliarg<:d  with  eli.-ctricity  of  the 
saiiio  sign,"  OH  sonic  haro  aii{^st«d,  which  wonld  involve  a 
iiiiitUHl  n?puliuon,  according  I0  the  >1octrino«  connccttxl  with 
BiippoHod  free  obatK<!<t'  But  wo  have  positii.'o  proof  tliat  opposite 
charges  do  Dot  i>xi«ton  the  aun  and  thceovcml  plant.'ta.  lft»£\ 
eharget  existed,  ^antatioa  novid  not  be  a  (r>n*(an(  /oriv.  Tho 
planets,  aa  they  approached  each  other,  would  have  tbulr  at- 
tractions partly  ncTiitnilizcd  by  electric  ropnUion,  and  this 
oflcct  would  vary  ntth  tlui  inaaa  and  aize  of  tliv  pUnet*, booauso 
their  capacity  fcr  clcctriuity  varies  as  their  muiiia,  S  107  (n), 
whilo  their  massoa,  if  constituted  alihe,  vary  aa  the  cnoo  of 
the  radius.  But  luilrouomy  shows  that  the  mntnal  action  of 
gravitation  is  diiootly  as  tho  masses,  and  ts  tho  aainv  between 
tho  eevoral  planets  as  it  is  between  them  and  the  sun,  neither 
of  which  would  bo  the  cnsu  if  tliey  woro  charged  boiliea,  as 
tho  Btin  would  huvo  tho  electric  attraction  added  to  that  of 
gravitation,  while  tho  plancia  would  repel  each  other  against 
gmvi  tuition. 

879.  It  ia  only  richt  to  mention  that  Dr.  0.  Jjodgo  bos  said,  in 
reply  to  this,  that  if  tho  eartlt  niid  ann  nro  Gonooivedasobarged 
to  a  million  million  volta,  thvy  would  only  exert  a  forco  of 
23  tons  w«igbt  on  each  other.  It  may  bo  so,  but  I'rofcaaoni 
Ayrton  and  Perry  calculatdl  that,  taking  tho  value  of  atmoe- 
phoric  potential  estimated  by  fjir  W.  Thomson,  $  891,  "the 
probable  actual  charge  iiiiinla  1  ^£4  X  10"  C.G.S.  unita  or  abont 
14  tinios  ns  great  as  would  bo  niTemarv  to  produce  the  eartli'a 
iiuigiictic  moment  if  the  earth  M-vro  aoUd  iron,"  and  that  IVo- 
tV'bsur  ItowUnd  arrived  at  very  iliflV-rewt  ounelusionif,  and  even 
that  tho  roHult  would  bo  that  the  moon  would  bo  driven  off  into 
Npuou,  and  tlio  earth  be  burnt  upultugotlier.  Of  oourao  all  theao 
vnfj'itig  i-c'fiullBaroeachdumonatrated  by  elaborate  mathematical 
calouhitious ;  however,  it  is  difficult  to  undcrataud  how  »o 
enudl  a  force  as  Dr.  Lodge  saggtsts  oan  disturb  tlie  injiguctiaut 
fif  the  whole  earth  and  set  up  strong  oumuila  over  its  wfaolo 
Hurfaoe. 
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8So.  h  the  cuu  a  ma^-ntt  t  Kv«d  this  u  dout>Lful  eonaJdwing 
it*  tcmpor&ture.  and  tho  knovm  fact  that  maguotiain  dinppeon 
nt «  vorjr  mixlcmt«  degree  of  heat. 

JDott  (A«  nil  exai  magneiie  poaen  f  This  we  oan  anKwor  in  tho 
negRtivu.  All  that  we  know  of  magi^etA  proves  that  their  tifli]« 
are  limited,  and  consist  of  elo»fd  eurvee  oonnectinf/  their  (i(v  ]^olc». 

S9r.  Magnetwn  u  ml  a  radiant  force :  tho  cuiv«b  mftj"  oxtond 
to  distanoea  further  than  our  experiuientB  can  detormino :  but 
oar  experiments  are  »U  oiinduct«d  among  eurrounding  matter. 
Wo  may  ima^^ine  th«t  ita  linee  may  ho  prup4;cated  la  tbo  ether, 
but  wo  know  nothing  about  it ;  however,  we  do  know  tliat  they 
lire  dual  in  direction,  not  radiant,  bat  continuooa  within  and 
around  tho  mots  of  tfae  magnet. 

86j.  If  the  son  were  a  magnet  exerting  force  upon  that 
known  magnet — the  earth — the  magnetic  axis  of  tho  earth 
'wootd  pUcv  itself  on  one  of  tho  curve*,  e«  all  magnots  do ;  hut 
tbe  iDScaelic  axis  shifts  its  position  in  a  do&oite  period,  I  147, 
while  the  axis  of  tho  earth  iteelf  does  not  vary  in  its  roUtiou  to 
the  sun.  1 

But  theNand  S  poks  of  tho  earth  aio  continually  nttoring  in 
their  presentation  to  the  nun ;  if  any  magnetic  foioo  existed,  the 
earth's  axis  would  sway  in  space  with  tfae  seasons:  not  even 
the  ponisteDoe  of  motion,  as  shown  by  the  gyroscope,  would 
reaiat  thiB  stMilily  varying  stn^  of  changing  position  in  a  field 
of  niagnetio  force. 

88}.  Clerk  XamKWt  ihwry  of  light  is  that  lisfat  itself  ts  an 
eleotn^magnetio  diiftiirhancQ:  beoonoeivoa  thatcXevtro-niagnetic 
action  is  tmnsnitttvd  norow  ipaoe  by  waves  at  H;;ht  angleB  to 
tlie  line  of  tranamiMion,  as  light  ts :  that  uk-ctrioity  and  light 
hare  the  same  alwduto  velooity,  and  that  as  a  ooubeiinenoe  all 
trae  oonduotors  of  electricity  arc  opaque^  as  to  which  see  S  6jo. 
It  is  now  steadily  asserted  by  tliehyi>otheticaltyi)e  of  scientistB 
that  this  theory  haa  been  proved  by  UctIk's  experiments ;  it 
will  bo  shown  later  on  that  tneao  L-xi>i'rimeuls  bear  an  entirely 
difiereotexidaiution,  but  snob  determined  aosertioua  by  erainont 
men  iDflaenoa  tfae  minds  of  those  who  do  not  think  for  tfaom- 
aelves. 

884.  Kfaxwell's  theory  haa  been  entirely  transformed,  and 
what  is  now  supported  is  quite  a  difieruit  matter.  What  Clerk 
Itaxwoll  augvcMted  was  that  radiant  euur^jy  had  ft  three-fold 
function,  ond  1)0  gave  a  diaeram  of  it :  bis  id«t  was  that  tho 
rays  uudulatlng  transversely  to  their  line  of  proiiagation,  tho 
direct  or  linear  action  u-as  Ittjhl,  tho  action  in  one  pltuie  at  right 
angles  was  eltctrieilj,  and  in  tbo  otlier  plane  was  magnetic ;  now 
tfau  of  ueoessity  imi>U«s  that  the  cUfratwnt  of  ail  are  iJmlicaL 
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8S5.  l)ut  wbnt  U  now  Uuglit  In  iliat  all  theso  an)  vil>rfttiouit, 
but  ui vilwUy  difereiU  orderi;  tUataluw  andulatiotwaro  vlMslrioal 
atii]  innguoUc,  and  rapid  ooee  ar«  li^iit-  Wbat  tho  Hortx  «£• 
[lorinicntB  oru  alleged  to  prove  is  tliat  electric  aod  luagiiotio 
iir(>|mgntion  ia  of  tbo  nataro  of  audoUtion,  ftnd  that  IhcTefore 
light  and  vtoctro-inagDeliBm  are  of  the  samo  ordor,  diffurio^ 
(jnlvin  rato,  aiido  tho  uudiilatioii§  which  prodnoo  beat  and  light. 
Thie  tany  bo  truo  or  false,  but  it  is  not  what  Clork  UaxwcU 
inc-aiit. 

866.  Itnt  u  it  tnui  f  le  it  not  one  of  tbo  moat  cortaib  thiags 
niUiin  our  knovrlvdgv  that  light  and  magnotimu  aro  cnentially 
ditttinot  V  Tho  cortiiin  ftiot  that  light  is  diroctly  linoar — »  vtraigbt 
motiu:!  dinsuti.'d  otity  from  its  eoiirce,  while  magnotina  inalwa^a 
dirvctvd  iu  a  vurvo,  iinil  oontrolled  at  all  points  of  it«  circuit — is 
an  aliHuluto  ouutrudiotiou  to  tho  idea  of  their  aiuilarity  of 
nature. 

AiirjiliiT  vloariirouf  that  tboy  bavo  so  identity  of  nature  is 
till:  CMrluin  fact  tJiat  radiant  motion  of  light  once  Bet  BpiBoAuif 
uill  divert  it,  unless  tho  rays  fall  on  nn  object  whiuh  eon  reflect 
or  lufract  it :  uinttur  can  do  thi»,  or  it  can  oxtingnisb  the  light 
altogether  bv  absorption.  Itut  luaguetio  linee  can  bo  attracted 
out  of  thvir  direction  altogether  by  any  matter  which  pOMteBsea 
higher  capacity  than  tho  original  medium,  and  yet  nothing  oan 
abeecb  or  vxtinguidh  (hem  :  tho  attracting  agent  con  only 
troiiimit  tliem,und  veuittituto  a  more  favourahlo  drcoit. 

887.  N«ith«r  Uertxnontn^unc  ol«o  has  given  any  evidence 
whatever  that  tho  propagation  of  electric  or  magnetio  action 
or  force  is  uudulatory :  they  have  produced  uncootisivo  impulses 
or  disturbance  in  lytbmic  onlor,  and  it  is  tlieMO  iropulaee  to 
whioli  their  reaults  relate ;  but  any  rythmic  diaturbviw  whicli 
grown  gradually  (as  every  diutuibanoo  does)  isof  nocoRSity  propa- 
gated as  att  uniliilation  in  the  trau§iuitting  agont 

Let  ue  coiicoii  0  a  cliurch  bell  whose  note  is  t6  undulations  a 
scound,  Ktniek  ul  intorrals  of  ij  seoonds;    wo  have  now   two 
ordetaof  HOUiidcffoctti:  both  may  bo  called  •rni'ca  n/ (otmil,  but 
only  one  oan  bo  polled  »ound  wavtt.     We  have  tjiii  continuous 
and  wavea  16  to  the  seoond,  wbutJiL-r  weuk  or 
are  the  sound  of  each  stroke  giving  a  wave, 
t,  but  of  ttnogth  of  eoond — waves,  that  is,  1 
n,  but  of  rising  amplitude-     Uoriz's  experi-  'J| 
proved  tho  undulatory  nature  of  tho  tmns-   , 
mlndonof  the  impulse  of  inductiou,  uagnotio  or  electric,  tho  | 
analogue,  notof  i(ho  notes  o/tho  bell,  but  ef  tlio  strokes  on  tbo  j 
bell ;  out  of  tho  nature  of  the  propagation  of  the  forces,  thoso  | 
expeiimouta  teach  xib  nothing. 
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838.  Tlint  tliero  is  a  conn«otioti  l)ctiv(M»i  lig'nt  nnd  cloctricitj 
M  oortain  from  Uio  effociit  of  oloctric  Ktrmui  upon  t\u>  tmnK> 
mrcncy  of  itnlMtanoes  And  from  tho  fact  thnt  tliu  Mpccifio 
iniluctivo  cBpuiity  ia  rDlnt«>d  to  tlio  itqiiaro  of  Uio  hkIux  of 
refraction ;  tliiH  is  a  Tea/aXt  of  Uio  tlicory  wliivh  m  npproxi ninthly 
tnui  for  rayo  of  great  WAYO-lengtb.  But  it  tuny  ^^Q  duulitoil 
whether  all  t)i«  cuinddciH»«  an  not  Donsu'itKinoca  of  tho  nmlc- 
cnlar  actioiiiKif  lioth  light  nnd  oloctricity  U|>oii  mnttor.  nithci' 
thnn  ovtdeiioca  of  iikutity  of  naturu  or  action;  if  vtectric^l 
tiction  «nd  propagation  coniiiHt  of  r<<tatiouH  of  muU-mili-K  under 
till)  influence  of  a  forco  trousnutUKl  frotu  oiio  to  another  in  n 
line,  it  ia  dear  that  there  must  he  ]>oint«  of  ro^iiuihlikiici!  and 
oooaaiooally  ap]>arent  relationa  to  the  motions  or  uiiilulittiona 
which  tniDHiuit  the  radiant  forces.  At  prveeut  the  theory  ia  unly 
II  matter  of  speculation,  but  it  may  u]tiinot*ly  become  of  iiii|>or- 
tAuou  in  coDuootiou  with  the  tranBiuisHiou  of  energy  acrou  ejMtoo, 
nnd  fur  that  reason  it  is  conaiderod  her«. 

885,  ATHosi-nERio  Ei-EcnuaTv. — Inasintiob  as  every  diemical 
action  or  oreu  mochftnicnl  distil rluuiw  of  luoleculnr  arrange- 
inenls  eeia  up  electrical  coiiditious,  which  very  often  aro 
regarded  as  oauMca  when  they  are  mere  couaeqiienocs  (aa  in 
the  phenomena  of  life),  we  might  expect  to  find  the  moving 
and  (^liaugiiig  ntmodphere  in  m  oonatantlj  varying  electrical 
cuuditiou,  varying  in  fact  not  only  in  time,  Init  at  even  neigh- 
iHintitig  plai^Od.  We  tuny  ultH>  lie  o<rrtaiu  thut  thoso  obaugoa 
iiitiat  rtwAt  )3]«ni  tlio  vit^il  aotionH  and  nenKatioiis  of  ull  or^saniania 
influenced  l-y  Uiem,  and  that  the  arcmge  electrical  condition  of 
any  plaoe  will  be  an  import*iit  elenuintin  its  dimatio  qnalitiee; 
but  very  little  ia  aa  yet  known  on  this  anbjeot. 

850.  The  d«vtric  ooudition  of  any  point  in  tho  atiuo«])here  is 
observed  by  means  of  a  conductor  tcrmiuating  at  that  point  and 
brought  to  tho  same  pot«ntiaI.  This  may  bo  oRcchMl  by  moans 
of  living  vegetablra,  anoh  as  grass  and  loaves,  which  aro  moro 
ciTective  than  the  pointed  metallic  conductor ;  it  is  moro  com- 
monly effected  by  moans  of  a  flam«  or  a  roll  of  smotildering  loach- 
paper  at  tho  end  of  tho  eondnctor — !>ir  W.  Thomson  nsca  a 
metallic  ctetom  of  water  fitted  with  a  tube  from  which  tho 
vratcr  continually  drops.  Theeo  conductors  sro  inanUlod  from 
the  earth  and  connected  to  tho  electrometer,  such  as  ono  of 
the  paint  of  tho  quadrant  electrometer :  tho  other  pair  being 
put  to  "  earlh  "  «o  as  to  indicate  tho  "  diRerenoa  of  potential 
bctvi'ecii  tho  earth's  mrface  and  tho  point  of  tho  conductor. 
OroatcT  elevations  may  be  explored  by  means  of  kites,  the  string 
of  which  may  contain  a  wire.  It  was  by  sudi  metna  that 
Franklin  wubliahod  tho  identity  of  lightning  and  Ql■!At(^^V} -, 


l>at  it  is  »  dftngerons  experiment  and  mora  ttutn  oii«  hm  lost 
bis  life  ill  laakiii;;  it. 

891.  Sir  W.Thoin«>nfound»di(reronooofpotiMiti«lof4JovoltB 
in  9  feet,  or  from  2}  to  46  per  foot,  at  thelaloof  Amn,  and  .(oat 
Al>ordeen.  But  we  cannot  legitimately  dedaoe  Oora  tktit  that  a 
aimilAr  rati>  of  inereoae  extends  to  any  gteat  diatanoo  &ou)  tho 
oartli'ti  tiurfaoo. 

'rh«  oleotrUIoation  varies,  lieing  at  its  IiiglioKt  about  8  a.m., 
mid  8  to  9  F.M.  in  muDiaer,  and  10  a.h.  and  £  r.v.  in  wi»t«r,  and 
lowGKt  aDout  J  r.u.  and  mldnigltt :  tliis  really  indiontM  that  it 
is  highest  jn^  vrlien  the  n^reatest  ehange  of  teoi{icratiiro  occurs, 
atid  when  the  dew-fall  and  evajiorntioii  are  groateKt.  It  may 
intercut  some  to  know  timt  an  cast  wind  alwa}-«  raiHC»  the  + 
el ootri II cation  while  rain  is  almost  always  attended  with  — 
pr^tentinl  in  the  air. 

S91.  ProfLitsor  Palmleri  finds  tlint  in  Ilalv  tho  oonditioa  is 
always  +  when  neither  rain  nor  snow  or  huil  in  falling  witlua 
i;o  kilometres;  if  —  electricity  is  foitnd  with  a  rWr  sky, 
downfnil  at  a  Httlo  diHtnnco  inay  l<o  infcrroil.  Ttnt  ProfMsor 
Mitchio  Smith  found  that  at  Uailras,  with  a  ilry  land  wind,  tho 
potential  is  —  after  9  a.m.  till  the  sea  brccio  twi»  in;  these 
observations  Tcallr  coincide  with  those  of  thu  Italian  ofasorver, 
and  thoy  pr'jvo  tnat  atmospheric  electricity  is  not  a  eosmicftl 
phonomonon  ;  tlint  it  is  not  rolatod  to  or  originated  from  space 
inwards,  but  an  action  from  the  oarth  outwards  and  related  to 
the  Oiitor  layors  of  tho  atraosphcTO. 

891.  This  electrifioation  is  in  no  senso  a  static  charge;  it  is 
Mimply  a  condition  set  up  in  the  sir  analogous  to  that  which 
exists  in  tho  glass  of  a  Loydcn  jar ;  tlie  miHaoe  of  the  earth  and 
tho  air  have  e<]ual  +  and  -  electric  qnantities  distributed  orer 
ilicm,  or  inasmuoh  as  thcro  is  roolly  no  "  quantity  "  at  all  on  the 
earth's  Hiirfaco  (or,  if  it  is  considered  as  baving  a  —  chargo  its 
qnantity  varies  with  tlie  thickness  of  tho  air  oomjmrod  with  it), 
what  is  really  mensnrod  is  tho  oiiorgy  stored  in  tho  "  Sold  of 
force"  constituted  by  tho  air  space:  therefore  there  remains 
nothing  to  act  towards  external  space. 

8^4.  It  may  ho  worthy  of  consideration  whether  a  diffitronoo 
ot  efivJrie  foUnlial  exists  at  all  in  tho  atmo^horo  in  ordinary 
conditions,  or  at  oil  events  whether  more  than  a  small  pcirtioii  of 
what  is  oheorvcd  vxistsossaoh.  It  ts  most  probable  that  a  con- 
timully  TaryingeJeolrification  is  really  produced  by  the  friction 
of  wind  and  of  cloud  moisos;  bat  it  may  bo  that  tite  greater 
part  of  Uiu  obserrcd  oileot  is  dno  to  the  instruments  thonisclvcs ; 
that  the  eharye  is  jiotcntial  oncrgj-,  not  elcctridly,  and  that  tho 
ocujiluator  ot  Uio  instmiuonls,  by  providing  tliu  return  circuit, 
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oUblUhtui  tlitt  ociD<litionH  under  which  tha  pDtential  «n«rgy 
takM  tho  form  of  E  M  F. 

8^J.  Eraporation  from  the  miU oontuiiiing  walersnf  Uto  Oftrth 
box  MOO  oommoDlr  r«gardod  aa  tbo  soureo  of  atmmi^rio 
olectrioitr,  this  act  botcg  snpposod  to  carry  off  -i-  vkotrioitpr  and 
HoloavsthoonrtlittiMlf  -  ;  buttholmlaiicoof  eTidfrnociDtlicntoa 
that  oloctricity  i»  not  doTolopod  by  tiiiiot  evaporation.  TUoM 
oxporimMta  wbi^  iadicato  ite  jirodtiotioit  tiro  nttendcd  with 
otDor  canms, mioh  aacbemicnl action  npunthooonlAiuing  vosmI, 
or  obw  friotioD  act  up  by  ntpiitly  iHiiiii:ig  Ktonm.  Fnin'tay 
cxaminod  this  subject  with  hix  umial  cttro,  with  tho  mutt  thitt 
the  olcotrtcity  waa  duo  not  to  the  i:va])(iratiuii,  but  to  tho  friolion 
of  pnrtjctoa  of  wnt«r,  <£(u  cnrriod  by  tho  insuing  stoam  ;  ho  alw) 
fuund  thattbaaddition  of  vurii)us)iabat)k&oea  modified  tho  ronnlt, 
a»  action  wbiob  is  tmocablo  to  changes  in  tbo  surfnoos  of  tho 
perticlus  of  water. 

896.  But  it  is  most  probable  that  although  oraporation  does 
not  directly  sot  op  diffimooo  of  elootrio  potentiabi,  or  gonento 
"electricity,"  it  is  yol  tho  origin  of  tho  groator  part  of  tlio 
phcmtmonn  ofatmospbttrioelootrieity.  It  la  tho  grout  agency 
fur  Hbiring  up  tho  poUnlitd  «n«roy  derietd  from  the  tun,  and  dis- 
tributing it  over  Uio  earth,  u>d  tbo  phenomena  of  vloctrioity, 
whoUior  in  the  thundorstonn  or  tho  inooasant  qniot  changes 
going  on,  aro  port  of  the  prooon  by  which  the  potential  energy 
stored  io  tho  vapour  is  transfurmod  into  tho  various  formH  of 
force  employed  by  nature. 

When  we  consider  that  1  pound  of  watoretoroa  (speaking  only 
in  round  numbora)  over  700,000  fuot-lbs.  of  energy,  and  that,  as 
oxplaincd  S  641,  potontial  energy  develops  "  eto^o  potential " 
iinitiT  projier  conditions,  we  can  have  no  difficulty  in  under- 
Btiiudiug  whero  atmospberio  eloclricity  comes  from. 

So  ahtii  thti  Hudden  changes  of  elootrio  potential  are  intelligible 
if  we  imagine  a  idaks  of  vapour  as  bitving  undergone  such 
obongtsM  partlv  ooniloiiso  it  into  a  cloud,  a  oullootion  of  minute 
electrified  vesicles,  wliich  gnulnally  coalcaoe  into  raiu-drope ; 
here  wo  have  conditions  in  wbioh  the  chargo  is  gradually 
aoonmuiated  upon  surfaces  growing  emoltor,  therefore  tlio 
potential  rises  oatil,  m  in  the  case  of  ordioary  discharge— H  98, 
104  (d)— the  didoctrio  resiststnoe  of  tho  air  is  overcome  and 
discharge  occurs  as  a  flash  of  lightning,  between  the  eland  and 
either  another  cloud  or  tho  surfaco  of  tho  wrth,  forming  tho 
other  oharged  part  of  tbo  vloetrilit'<l  i^iystem. 

697.  When  m  flash  of  lightning  occurs  vn  oan  conooive  it  aa 
duo  to  the  transformation  of  tbo  putcntinl  cnnrg)-  of  tlie  ra^ur 
iu  tho  &ir,  all  along  tbo  track  of  tbo  flash,  which  is  tho  axu  u( 


TEltRESTRUI.    El.lWnilOnT. 


[898. 


the  Bold  of  furco  Mt  up :  this  oiinrg^  being  Uiuit  trftiutfurmod 
into  dfiiAinic  oloctrictty  aiut  itM  nticn<lant  work,  the  vajioiir 
oondflnaw  into  water  ami  wc  liavo  the  i^lToct  to  ootataoaly 
nntictid  in  tlinndi<rBlnrras,  of  ftii  ioKtAntAUiiotU  downpour  of 
Wfttcr  occtimmnyiug  thp  flush. 

SfyS.  Karlfujiiakct  and  voU<:n!e  rruptioM  oro  attended  vrith 
powerful  ok-ctrio  Oiscbarges,  which  ««>  pniWbly  ixnuoqucncoB 
of  the  mcchRilio))!  energy  cx[)endc(l,  or  <if  choniii-nl  nclinn  of 
water  upon  honied  nassM  of  earth.  It  iit  prohalilu  that  ftirthor 
etndy  will  pnabto  thent  to  bo  forvHcc^n  by  mcaDK  of  theHO  notions, 
se  tho  grinding  of  th<!  mcks  will  fiiroiah  (iidicatioiiH  of  tho  di»- 
titrbnncv  ening  on  long  Iwforu  it  culmiiuiteii  iu  tlio  fnll  Kotioa. 
Ilnrii'd  micToimones  trnnmnit  mtiiid  a*  a  ocnKoqiiuuco.  Dnring 
Iho  trmKindoiiK  emptioti  of  Mount  Krukatoa  in  Java,  AngtiKt 
iSSj.thu  telephtineit  in  Singapuru,  ;oo  tnileK  dUtant,  wore  ko 
alTocted  that  convoittaiioii  waa  iniiM^tiiblu  and  a  p6rf<eot  roar  as 
of  a  natorfall  maM  heard,  with  occa«io)ial  reports  as  of  a  piidol. 
7'hiH  rffirct  was  due  to  action  npou  a  Hliort  k-u^th  of  mtbincrgcd 
cable  bv  tlie  tremors  in  tho  earth. 

In  liKo  manner  lek-phoues  are  aflboted  by  lightning  oven 
at  B  cpnHidt^mble  diBtonce,  jinrtly  by  indnctioii  on  tho  winw, 
ixirtly  liy  varlatiuu   in   tho  niagnotio  intonsitv,  u  doaoribed 
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891^.  WaleripMtU  nnd  eyrhnea  bIiw  ftro  electrical  in  (^aroctor, 
anil  it  id  Htatod  that  Profetawr  DonglaB  of  Michigan  Iii>8  pro- 
duced artificial  (oriniitatioiiH  of)  cyclones  by  guB[ieii(tiTig  a  large 
platn  of  cijpijcr  by  ailk  thrcadH  and  utrongly  cl)Argiiig  irfVWMH 
electricity.  The  rcntdt  in  n  niiniature  cyclone.  futinol-*ihapod 
nn<I  whirling  around,  whieh,  an  tho  pUto  is  moved  over  a  table, 
picka  up  loofte  objeett*. 

900.  TBUUDKRSTORiiis, — Tho  common  conception  of  lightning 
way  almoet  be  deacribeil  an  n  tvliof  that  there  in  Mnnothiiig 
packed  away  in  the  oIoikIk,  which  at  some  nucerlain  moment 
lalb  from  tticni  aa  a  "  tlinntlor-ljolt,"  or  msheti  out  upon  the 
earth  as  a  discjiargo  of  "thctric  fluid,"  with  dc«tructivo  efl'wtn, 
reMinbling  in  some  defjreo  thmw  of  tho  bursting  of  a  renervoir 
of  water.  The  condnctor  in  n-garded  nn  having  eomo  aUmflifm 
for  the  ■'  bolt,"  and  also  aa  a  pii>o  to  receive  and  carry  off  tho 
fluid.  These  ideas  are  not  only  ommoouK  scioDtifically,  but 
they  are  the  source  of  many  pnetieol  mintakcH  in  tho  setting  up 
of  conductors,  which  sometimea  l«ad  to  fatal  results. 

'iliose  who  have  comprehended  the  prinotpks  of  static  elec- 
tricity explained  in  Chapter  II,  will  ace  that  they  are  applicablo 
to  thi)  present  subject,  as  lightning  in  itrictly  Mwlogons  to  tho 
arliScial  oioclric  ditcbaige.    They  will  at  onco  tmdentand  that 
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tho  dischargo  does  not  morolyiMuo  from  the  iJonds  and  rush  to 
the  earth,  bnl  that  tho  Ult«r  fulllla  a  fiinoti<Mi  jnst  ab  iin]>Drtant 
as  that  of  the  clouds;  tho  latter  are  indeed  tho  "imme  con- 
ductors" of  naturoB  great  electrical  machine,  but  the  foroc  is 
dutribn ted  over  a  vast  "  inductive  circuit,"  of  whieh  tho  air  and 
the  euth  fomi  as  much  k  part  as  the  clouds  thom^^lves.  and  the 
discharge  is  a  redistribution  of  force  all  over  this  inductive 
oircnit,  not  aeroea  tho  air  simply. 

901.  Tho  thunder-cloud  is  to  all  intents  a  ooodenaer  plate 
npon  which  terminates  a  circuit,  and  there  are  two  varieties  of 
thunderstorm,  which  depend  upon  the  nature  of  tho  opposite 
condonaing  pUito.  This  tiiny  ho  anolher  cloud  above,  or  at  a 
distance  from  the  &nt;  then  tlie  discharges  occur  between  the 
eloilda  ihomaelvt*,  and  tlic  unt}'  effect  on  tlie  earth  is  indtictire, 
and  iiKiinlty  slight ;  this  is  tho  onso  with  what  is  called  tkf^t 
lightning,  in  whieh  tho  clonda  are  vividly  illuminated,  bnt 
there  in  no  lino  of  lisht  vlnble.  In  tho  other  claaa  the  stirfnco 
of  tho  earth  fonnii  tlio  aeoond  condcneer  plate,  the  air  and  all 
botlicB  lictween  tlie  otouds  and  thu  tuirtli  arv*  "  politriwHl,"  iwd 
aesumoaconditioDanalogons  tothat  pro>lHce<1  in  tho  ncighlionr- 
hood  of  an  cloctrie  miMsliiiie  at  wurk.  Diiwlmrge  at  last  occurs 
in  one  or  mom  Unea  in  which  thu  reaislance  happrns  1<>  Im  leaat. 
when  thn  tension  is  f;n.<at(<r  than  the  reoiKtnrice  of  the  circuit 
can  HQBtnin.  Very  stiglit  <'irciimi'tancMt  ili'terminc  tlic  direction 
of  this  discharge:  un  animal  ntiinding  on  the  ground,a  tree,  tho 
presenoO  of  extra  mointiin^  or  a  mvtnUio  vein,  or  a  ntngu  of 
piping  in  the  ground  m»y  9ia(Hc<\ 

001.  This  is  very  eviilont  in  the  caao  of  ship*  at  soa:  tltey 
will  not  only  dntw  a  (lash  of  lightning,  but  there  is  good  reason 
to  bolievi)  tliat  thuy  frequently  cause  a  change  in  the  dircetion 
of  the  wind  itaelf  by  the  oleotrical  conditions  they  set  np.  It  in 
u  common  ciroumBtaiice  for  a  Kiuall-clond  toarisoand  work  half 
round  a  venal,  and  at  last  ooine  towards  it  and  take  it  aback 
moru  or  less  suddenly.  If  the  patli  uf  the  cloud  bo  traced  out  it 
will  lie  found  to  be  a  parabola ;  the  oripnal  motion  being  eradn- 
klly  diniiniahed.  and  its  dircoticD diverted  to  tho  vcaaeL  I  have 
ftvi|ue»tlY  seen  this  occur ;  on  one  oocosiein  a  heavy  sqaall-cloiid 
roaeun  the  weather  bowofaehijil  was  in;  ilcnimed  onroourso 
and  went  away  to  leeward,  we  running  np  nearer  and  nearer 
to  Its  path  :  the  clond  then  slopped,  rs^ly  returned  towards 
as,  against  the  wind  we  had,  and  aa  it  reached  above  ns,  a 
violent  dtange  of  wind  occurred,  the  clond  threw  out  it«  charge, 
struok  the  fore  and  main  top-gallaut  maats,  and  killed  two 
meu. 

Jt  will  be  easily  oonoeived  that  a  l«i)ge  ywmI,  w\<Jx  \>a*&m«« 
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masU  the  only  saliont  points  ari§ing  from  tho  earth's  soHace  in 
tho  n«ighl>ouTliaocl,  miist  nffoot  tho  olootrical  condittoiis  around 
it,  und  that  this  may  l>o  tho  OAoee  of  anddon  diAngos  of  wind. 
To  this  same  order  keloiip  a  varii^ty  of  nntural  phonoinona,  such 
aswhatuitora  call  8t.  Ehno's  Firo.  when  tho  p-iiintti  of  uiiula 
and  yardsare  tipped  n-ith  Iniubant  flamos,  roeombling  tho  bntali 
diadiurgo  of  oai-  niHcbinca. 

Q05.  -Ball  Liyhlninj  is  of  eo  raro  occurrenoc,  and  so  daiigeroua 
and  t«mfying,  that  trustworthy  accounts  aro  not  readily 
obtaiiMd.  It  appoAia  lo  oonsiet  of  a  fioiy  globo  of  a  reddiui 
tint  rotating  on  its  axis,  which  slowly  travorecs  the  gronod, 
Boniettmos  at  a  fow  foot  clorntion,  which  in  somo  cases  oxplodoa 
with  a  loud  noiso  and  omits  TiviJ  flashes  of  lightning  in  all 
diroctions.  Its  tmly  olootric  naturo  was  long  doubted  DMaasa 
nothing  resomljling  it  was  sc«u  in  olectrio  oxporirooiits,  Jtut 
among  the  many  curious  cffoctA  oblAiood  byld.  Planti',  with  hin 
enornioHs  secondary  battery  and  coDd«nser  anangcraont,  be  haa 
met  witii  and  desoribed  somethiDg  strongly  reeoinbliDp;  luiU 
lightning.  Tho  experiment  consi>'ts  of  two  oondiictore.  ono 
dipping  into  dilnto  acid,  while  tho  other  is  held  a  little  Above, 
after  first  dipping  in:  this  pixtducos  a  kind  of  brush  diachargo 
tlirough  films  of  moisture  or  vapour,  whiub  fonn  an  appikn-nt 
glubo  of  fire  rotating  on  iis  axis. 

Ball  lightning  appears  to  bo  a  glow  or  brush  diadiargo 
formed  upon  ft  mass  of  dust  or  vapour,  and  possibly  eonnootod 
with  a  small  whirlwind ;  this  servos  as  a  foona  upon  which  nrs 
oonccntratcd  tho  linos  of  foroo  from  a  moving  cloud,  whiuh 
cnrries  this  opposilo  polo  along  the  gronnd.  and  idtiiuat«Iy 
either  tho  excitement  is  ijTuotly  oxhamted  when  the  ball  dis- 
appears, or  it  risos  to  tho  point  of  violent  discharge.  Itlany  of 
tho  accounts  of  ball  lightning  indicate  that  tho  balls  form  in 
low  an<l  moist  spots,  and  often  in  connection  with  fugs. 

904.  In  tho  true  thunderstorm  the  cloud  consists  of  a  corioi 
of  layers  or  Konos  oppositely  olectriEed,  with  a  similarly 
arranged  but  oi^H»ito  wrivs  on  the  earth  beneath,  the  air 
liotwecn  oomplrting  an  electric  circuit.  Such  a  circuit  is  often 
cxtonded  over  many  miles,  so  that  when  a  discharge  noonra  nt 
ono  oxtrsmity  a  correspond ing  ono  in  tho  rovorm  direction 
(aoDiotimes  oulod  tho  bac^  Btn>Ke)ooouni  at  the  other  extremity, 
porhapa  twenty  miloa  away.  Toe  clouda  thomwlvos  may  bo 
only  too  feet  away,  or  two  or  threo  miles.  Fiusbos  of  suoh 
length  have  indoea  boon  measured  by  tlie  angle  occupied  by 
the  line  of  light  and  the  period  between  tho  flash  and  the 
mimil  of  tho  Uiundor.  Several  otlvrnpts  have  also  been  uado 
to  mvastttv  tbe  time  ooou^led  by  a  dUohargo.    Uoving  object* 
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when  photogrnphod  hy  H»  light,  appear  w  tlitlineC  aa  if 
stationniy,  but  hy  m«anH  of  revolving  tnirr»n  it  hiui  bocn 
MOortAinod  that  tho  aotnal  iluration  uf  u  tliuli  i«  soiuotliiag  loss 
tluMi  i -34,000th  of  a  eeooiul,  and  it  may  bo  otod  low  than  a 
uulliouth;  ita  appureot  diirntioa  is  an  effect  of  otir  own  eyo«, 
dUQ  to  whnt  in  called  peni^tonoo  of  viajon,  owing  to  which  wo 
canimt  tnsu  ud  iupreseion  onoe  produced  in  niticfa  Ic«e  than  a 
aixth  iif  a  seoond,  on  which  principle  ar«  liam-d  bo  jaMiy  uptioal 
toj'M.  Soino  photographs  are  said  to  sliow  much  longer  poriods, 
bat  thoy  cannot  oiitwoigh  ao  many  oljconntivns, S  910. 

905.  Perhaps  tho  most  ooinphito  and  imrtructivo  accoant  wo 
havo  of  tho  phimognooa  of  a  thnndcratorm  ie  that  of  Ur.  Crcuw, 
who  eot  up  a  ntllocting  sjittoin  of  wiroa  and  oxporini(intal 
apparatus  for  iho  purpoeo  of  inrostigiiting  tho  fnola.    He  eay« : — 

Wbcn  tlla  cUoil  inn*  ncitr,  Iho  pllh  bUl>  luipended  from  tha  comluclor  (ijwn 
•iilt  witti  ailhar  +-  or  —  eliclricil^  ;  anJ  whta  th<9  e>lj;c  of  Ih*  cloud  U  |wr[i«n'U- 
cnlar  to  llw  oxploriag  wirr,  ■  ilow  tuecHainn  uf  ilUchir^ni  takM  plac«  tnlwwa 
th*  brua  ball  of  tti«  Moductor  and  on*  oftqual  mn  rBrffallf  MOiwctvd  with  Iho 
iMweit  ipot  of  Buiiit  grouikd.  Aftn  11  pumb*r  of  endoBioiu  o(  nj  —  clMlricitf, 
vUoh  »t  fint  inajr  bt  niiw  or  ton  >  nionte,  ■  ewiation  occnn  of  Mm*  Moondi  or 
inldiiUi,  M  th*  MM  miv  b*,  irbcn  aboDt  mi  eqnkl  aunbtr  of  cijilwlunt  of  4- 
•lootrioltf  (bllain,  ot  liinlliir  futtt  U  iho  tmarr,  Mkalkif  tt«  pntuj/i  *f  (ir« 
ejipotMy  and  tqiiatly  elMrificd  taiu*  of  daitd.  Theo  follow*  a  uoond  iobo  of 
-  (loGtridtf ,  ooeuiesini;  uTrral  mar*  dUcharc**  1  miiiult  Ihna  iha  fint  (lur  uf 
xsno,  irtiiah  nU  of  lotrwu  appcan  to  larj  arcordiag  tu  llic  t!i«  and  power 
ofChc  eland.  ,  ,  .  WhvD  the  omln  of  thootoDd  i<  nrticsl  tothoirirr  Ih*  grtaMot 
efiTvct  t>k«  plan.  ...  At  th«  eland  ptnai  oniraidi  lh«  appoiltf  portion*  of  lh» 
coDB*,  wblih  lint  afltcltd  tho  mltr,  cona  into  fLi; :  and  th*  offtct  li  wcaknud 
Kilb  tneb  iDoomlva  pair  till  all  tllo*  away. 

This  deecription  don  not  accord  with  the  "  fluid  "  thooriea^ 
OTca  in  their  modem  form  of  ether,  or  with  iho  idea  of  chargea 
of  fre«  eleotrioity :  bnt  it  does  sgreo  with  the  conception  of 
eteotrioi^  aa  a  polar  foroe  wtting  up  etrvoMa  in  matter,  storing 
up  enorgj*  in  those  Btiotna  nntS  the  capacity  ia  oxceoded  and 
tho  energy  brealia  forth  aa  ))oat  and  mechanical  work. 

906.  The  d'Mtmee  0/  a  thunderttarm  may  lie  reckoned  hr  the 
intcnmtl  between  tho  flash  and  tho  first  sonnd  of  thothnndor,  aa 
soand  tmvela  about  itoo  foot  por  seoond,  which  is  nearly  4J 
Beoooda  per  mile,  while  light  (mvels  prncticitlty  in  no  time. 
Tha  duration  of  a  peal  of  thunder  also  givRK  an  approximate 
DMUOro  of  tho  Bpaco  over  which  tho  storm  cxtendx. 

907.  Tho  real  briyhhten  or  illnminating  power  of  lightning  is 
vastly  ifreatei  thaa  it  appears  to  bo,  ))ccan»e  tho  o>-o  lakos  time 
to  reoeiTa  tho  hninvaaion,  and  sprcoda  over  the  poiiud  of  on»- 
Bixtb  of  a  second  the  effect  of  energy  aotnally  expondod  in  so 
much  shorter  an  interval,  $  904.    A  aore  jnat  idfta  oC  Uuk  -«*& 
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light-riving  povrar  ih  oblAinoil  1vll(^n  mto  rclluot  tliat  tliiH  lino  of 
light  ^wiomhling  ttio  cnrlion  thrcuwl  nf  thn  inettiKlcatXDt  Unipa) 
ifl  capable  of  illnininntiiig  n  wide  landHCwpv. 

908.  Liglitning  U  not  a  n\on  linC',  8itv!i  «a  it  npjH'Arii  to  iho 
giglit — induMi,  iliiit  lino  !k  [xiHsibly  enough  only  %  vLhuiiI  im- 
pri:eBion  of  »  Hiiark  ntpidly  ])i\BHing  along  tho  line;  hnt  tliix  lino 
IS  only  tlio  axis,  tlin  mottt  iiitoneo  ]mrl  uf  a  largo  An*  diking 
jmrl  in  t)ie  act  of  (liiiohaTj^o.  llioro  havo  boon  frequent  oaSM  of 
till'  same  flash  doiujr  injury  at.  Eorernl  points,  distant  jo  or  40 
yarchi  frotn  each  other:  alHO  it  is  obaervAd  that  a  ntiinher  of 
vInc«(wliiohare  specially  sensitive  lo  lightning)  niajl)e  injiinMl 
by  the  Bsino  stroke  to  an  many  as  several  hnndred. 

Q09.  It  is  fVequeDtly  stat/^d  tbat  tbo  bodies  of  tlioso  kille<l  hy 
li^btjiing  are  marked  hy  imprwhions  of  neighbouring  ohjoctji, 
an<l  even  tbat  thoao  are,  as  it  wore,  photogra plied  upon  tin-  nkinH 
of  pvopto  who  have  received  little  injury.  How  far  Ibis  is  Inii) 
in  uiicerlain,  but  tbore  are  many  api>Bn.'utly  autbeutic  no«(>unt« 
of  such  effects :  it  seems  probable  cnougb  that  any  object,  siioh 
as  a  metallic  surface,  which  modifies  tlio  path  of  tho  current, 
and  to  some  extent  oondenfws  a  diargo  upon  it  and  horvu  oa  ft 
fresh  centre  of  action,  may  form  the  outUnea  of  ita  shapi>.  But 
what  is  most  commonly  obverved  are  straggling  lines,  wliioh  look 
like  branobes  of  trees,  aud  are  freriuently  said  to  be  piotnriHt  of 
iieigbhouring  trees.  Some  bave  llinti^ht  tbat  thoso  marks  aro 
(Ino  tocongeslion  of  tho  small  Buperficial  veins;  butaooropari- 
son  of  many  drawings  and  photograjihs  of  such  raarkingfl  with 
similar  <lrnwingsor  t-mijko  piclnrosof  the  electrio  discluu^will 
IcHVo  little  (lonnt  an  to  tlio  identity  of  tbo  two,  and  oonvinoo  the 
Riinil  that  tlioec  markings  aro  rimplr  the  s]>rcading  oiitwanls  of 
tho  linos  of  force  n-horc  they  entered  the  skin. 

It  is  of  moTO  moment  to  those  who  are  alanned  at  lightning 
to  nndoTstand  that  when  a  flash  is  seen  all  danger  from  it  is 
paesod ;  a  poison  stmok  ncTer  sees  tbo  flasli,  and  it  would 
appear  that  this  dcoth  is  inatantaneods  and  painless.  Hut  thoro 
aro  HOmo  oonKtiintions  to  whom  this  oan  give  little  )Mvrer  lo 
i«ei«t  tho  nnncr%-ing  inflncnco  of  lightning,  bnrannp  this  is  not 
dno  to  mero  four,  but  to  a  dinxrt  ni'fvous  inlluenoo,  Hucb  ns  is 
bxpOTienoed  by  many  aninials,  aud  which  many  peoplu  ex- 
porionoo  in  a  minor  degree  in  oousetiuenoo  of  the  eleotrio  con- 
ditions exiMing  IwfoTe  a  Htonn  liegins. 

910.  Phtiliiffraipht  of  lightning  aro  often  taken  now  that  rapid 
noting  li-iiHcn  and  platfis  aro  oonimon:  tlicir  similarity  to  tho 
flashes  given  by  ta«  tnachUiai  is  very  inxtrvctive.  A  wavy 
rihboD-like  structuro  is  often  observed,  £91  >.  In  some  cnsos,  by 
using  a  moving  plate,  the  apparmit  ono  flash  has  boon  rosolvod 
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into  KOvcrul  rii[ililly  Mluwitig  cooli  other  along  Ul«  mmc  jxitL : 
thcKU  havo  of  courHo  buen  clulnied  »a  tlomoostntiiig  the  fasbiun- 
ablo  "  oaoilUtionu  "  of  vloatrioity.  Init  are  quite  um  pruhubly 
Kiiccttaivu  diKchareen  ot  energy  ooming  l>om  a  largo  area  i>f 
badly  oonduotiDg  oloud. 

91 1.  DarkfioMa  or  inarlcingitare  found  in  mauy  nhotogrnpliA, 
and  havu  Ibd  tu  muoli  imuginativu  diaouxHton.  1  uuy  aru  pro* 
Uibly  luoru  ujiticul  efToctti,  uf  wliiuli  two  oxplitiiaUoni*  aru  given 
with  oX|JcrimL'ntal  proofti:  ono  causo  ia  thu  procnou  i>f  wliit« 
oloiids  it)  tlio  background  clieatiug  tbu  oainuia;  tlio  other  !h 
Tcrv  Htrikiii^ly  tihuwa  iu  a  pliutui^ntpb  by  Mr.  Adanu,  KUc- 
Irician,  xii.  |i.  774.  wln-re  tho  aun  Itaelf  appcara  im  a  bbwik  ball, 
ThU  ia  a  plioUiKnkl'liiuTesuitof  over  expomre and  indicat«!i  that 
tho  "  dark  "  Jbslt  is  really  au  extra  bright  one. 

913  Spiral  path  of  liijMntny. — It  is  often  observed  tliat  span 
aud  traee  are  marked  with  a  ducp  ppiral  groove  out  out  of  them ; 
I  observed  it  in  the  caao  lueutiouod,  i  t^oi.  It  might  be  con- 
aidered  that  this  roaalta  from  the  structnre  ef  timber,  but  I 
bare  seen  an  iron  gns  pipe  similarly  marked,  with  a  line 
running  along  and  round  it  &»  if  cut  with  a  giavor,  Them 
facte  may  throw  light  upon  tho  nature  of  conduction,  and  I 
would  suggest  that  tho  ribbon  markings  in  photographs,  9  (^10' 
may  be  duo  to  tho  path  of  tho  lightning  taking  a  spiral  form, 
more  evident  nndcr  some  conditions  of  tho  atmosphorc. 

1)1^.  Vagariet  0/  liffhlnmg.—  ia  cases  of  damage  the  force 
appouni  to  bo  diittributnl  unrvawnably,  wandering  about  in 
vaiious  directions, and  often  niiw-ing  soumingly  tempting  paths. 
This  i»  often  explained  by  tho  insbLutanooiis  nature  of  tho 
aolion.  Tbisisagrcatmislakoi  lightning.inetondof beiughasty. 
is  very  deliberate,  and  fuels  its  way  ni«Nt  carefully.  The  actual 
diMbarge  in  a  matter  of  tho  fraotioa  of  a  second,  but  tho  growth 
of  "  KtresB "  has  been  going  on  for  several  minntva,  and  during 
all  this  ]«riod  "  linee  of  foroe  "  have  been  buttdiug  np  tltrungh 
all  the  space  iuflueuoed,  and  when  the  discharge  oceura  it 
murely  fullows  these  Udm  of  stnas  already  tiaoed  out,  and  the 
weak  iKiints  give  way  under  tlie  growing  stress. 

914.  AccorUing  to exi>etiments  of  Mr.  JJu  la  Rue,  j  ii£,  a  flush 
of  lightning  i  mile  long  involves  an  E  M  F  of  some  J  or  4 
miUiou  vultd,  which  is  about  C^i  volts  per  foot,  or  16  times  as 
atval  aa  the  ordinary  poteulialn  observed  by  Sir  W.  Thomson, 
}  691.  Lightning,  though  it  be  a  current  of  electricity,  does 
not  obey  the  laws  of  Ohm ;  it  does  not  distribute  itself  in  the 
inverse  ratio  of  the  conductive  reaislancee  offering  it  a  jMth ;  it 
will  leave  a  conductiue  wire  to  leap  across  an  air  sjiaoo  offering 
^any  thousand  times  ue  resistance.     Th«ro  are  voiioaa  ways 
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of  tooldu^  ftt  thia  fiict,  which,  thoitcli  long  knowii,  hu  of  late 
lje«i  HiNxially  Htmliod  by  Dr.  O,  Lotlgo. 

qi;.  Ho  liu  ibown  moro  clearly  than  had  W'n  porooived 
IxikiTQ  the  port  pUyed  by  "  inductance "  «nd  tho  actlog^^ 
exomincil  S  498,  and  upocinlly  that  wo  have  tooonrndor  not  ooj^H 
the  rcsistanco  of  a  condactor  but  ibi  tmpodiinco,$  53;.  It  "^^ 
luiw«viU',  doubtful  whether  any  oxporimenfai  with  I*ydi.Tn  jiint  1 
can  bo  iduntical  with  tbo  opcrationii  of  oature'ti  dloctrio  di*- 
cbftrgc>,  and  thi>  vnet  inductive  circuit*  kIiv  putit  in  oixirution.  [ 

oifi.  OteiUatton  i»  aUo  a  conception  which  ho  luui  rendon>d 
fuhioDable,  but  t!io  thoorotical  nio  of  which  liM  gneitt  danger*. 
The  idea  U  that  when  a  sudden  HtrcM  i»  nut  upon  a  circuit  the 
tliBt  effiect  iH  til  iiTuducc  a  Mitccuwion  of  alternating,  to  and  fra 
curreutH,  griidiudly  giving  way  to  the  continuouH  flux  dno  to 
the  atTL'HH.  Tbi!  onulog;}'  is  to  the  case  of  a  iit-iidulutu  alrnok 
dliiirnly,  or  praotioally  to  thttt  of  a  npiing  which  vibnitea  before 
yii'hting  to  a  blow.  Suuh  curi'dUtii  uro  cxpuriinuutully  proved 
to  W  priKluoetl  in  many  ciucit :  but  it  Khould  be  reuembared 
that  they  aro  pUM;ly  pbeni/mtna  of  the  eondactor,  not  of  electricity 
itxi'lf ;  they  are  reitultii  of  tho  inertia  of  matter,  S  49B  (a). 
Therefore  it  ie  wrong  to  apply  them,  as  in  now  constoiitTjr  dooCi 
to  thcoricH  of  tho  nature  of  electricity  or  electric  tausmia^on ; 
tho  vibrntion  of  the  molecules  of  a  conductor  nndor  a  Buddeolr 
upplied  KtreMi  citiiuot  proiiorly  Ito  mixed  up  with  tho  imprcwed 
uudi)httion»,  i  887,  vi  the  Hertss  cxiierimentA  to  prove  that 
declrio  uBcillationi*  exi«t.  Thin  in  cuntitjuitly  dunu  by  emiuont 
lOQD,  but  it  id  very  \mA  logic. 

917.  The  attfrnalito  path  ia  alwo  a  trao  fikot,  and  Dr.  Lodge's 
oxperinjental  illuatiations  are  iidmiruhle;  but  this  aino  liiM  a 
eimple  aspect.  It  has  been  long  known,  S  ^t-].  that  natural 
lightning  or  Leyden  jar  di»chargit  will  leave  a  tlioroutrhly  good 
conductor  and  break  acroiut  the  air  spooo  of  a  million-fold 
I'caiatanoe,  and  tho  recognition  of  "impodanoo"  dears  away  tbo 
diflicnltiuH  of  tliui  fact,  which  haa  many  neohaniGol  aDalogues, 
a.1  in  the  cuBO  of  a  cantltii  fin-d  at  a  l>uanl,  which  It  pcnetratm 
uiider  violent  impact,  while  it  would  cru»h  up  under  a  Bt«ady 
promuTV. 

918.  ^>'hcnever  the  imitviIcLncvof  any  part  of  *  circuit  is  very 
groat,  n  nwiut-ntary  cuirunt  may  juuiii  over  that  part  of  the 
circuit  and  take  a  path  which,  white  of  greater  conductive 
rcdintunce.  f^ivtstt  way  more  (]uiokly.  This  is  of  grcnt  importance 
in  duHigviug  lightning  condnetorn,  but  it  in  no  way  idvoIvcb 
any  reactive  influence  on  tlio  ivnaining  part  of  tho  lightning 
path ;  it  does  not  imply  that  the  lightning  on  the  Mbole  ia 
"  oBcillatory,"  ovon  if  oitcillationa  ooiHd  be  proved  to  be  set  tip 


ia  thi)  ciirroat  wliicli  etil)  ImvoTHCfl  th«  good  conductor  Mtd 
altcniutivo  path.  An j  impoduico  rcMnltiRg  in  occilUtioa  would 
Mt  lis  «  counter  £  M  P  when  in  oppmition  to  tliu  rval  stresa, 
and  a  roal  rovorao  rurr«n(  might  cxint  in  iif  i^nJiictvr  ut  that 
insUitit,  wbilo  tho  diichargo  iw  a  whi>lo  woiiM  W  (K>utitinoti8  in 
dinx-tbn,  tltough  possiUy  ramble  in  <lvgrw  ;  tliu  ri-Hiilt  niiglit 
tberuforo  Iw  tho  prolongatioa  of  tliu  diirutiuii  of  u  flaslt,  and 
perhiipa  an  apparent  brciiktnz  of  it  np  into  ncvtirol  jieriodo,  or 
seominB;!^  SopArnte  11a«1u-«  follovring  idntilically  tlut  itaiue  tmck 
— VODilitions  wliich  Borotul  pliotogntpliH  rovva]. 

QI9.  I'Lo  fongoiiig  con«i(li.'r(ttioii«  an  to  tbo  nature  of  tlia 
lightning  discbarKO  will  cnublo  an  to  ifoo  wliat  aro  tb«  truo 

{iriiiciplfM  of  oonSoctoni  to  ttvoiil  it«  i-flixtH.  llicy  nro  not 
ntondud  to  Kttntot  or  oonvoy  a  dUtharge  /ron  tho  oloudtt, 
althoo^h  tboy  muHt  umiutibtolly  invito  liic  ilinctuu'go  by  Dotting 
up  a  liiif  of  low  rcaiatanw;  but  thoir  object  is  to  lower  tha 
■trcM  in  the  tpa>-e  to  ho  froUeUd,  and  thoroloio  to  diiniuiuli  the 
likfliliDud  and  froijuenoy  of  actual  discharges.  They  do  tliis  in 
a  IwofolJ  luannor: — 

f  I )  Tliey  practically  mtM  tho  earth's  sarfaoa  to  such  a  cnrTod 
hoiglit  as  corrfoipondit  to  th«  olectrlo  relations  of  Uio  oonduotor 
oniTlWair:  not tnan  exact inTarinblo  fona.asaomosuppow  the 
protected  area  to  as«tiuio ;  bat  Rtill,  rongbly  in  a  oono  from  tJiO 
apex  of  tho  condnotor,  nud  of  a  nulian  pvihapB  equal  to  half  tliu 
lioiffhtof  tlio  point,  but  thi»  applie*  unlv  to  tlie  rod  itaolf.  When 
kuudinga  aro  in  iho  included  ooiie  no  Uw  can  bo  given,  Mt  tlio 
condittMui  aio  aflbctod  by  thoir  foim,  maleiialit,  and  contentn. 
WhatOTor  thoapooo  protected  may  be,  within  tt  tho  cuutliiotor 
lowers  ornulliGca  tho  oondilion  of  t«D»igti,lr»nKrerTing  it  to  tho 
spaco  outside  tho  cone,  &v.  ())  They  react  >l»o  ui>on  iho 
exterior  spaco  in  tlie  dircotiou  of  a  rovcncd  cone,  by  the  dls- 
chiirgiiig  propi-rtiu  of  poiutx  when  fonuinj|-  ]wrt  of  a  polarized 
nrcn,  as  explained  i  96 .  When  a  point  ouiiueott'd  to  "earth," 
or  the  rubber  of  a  maohine.  Is  approactied  tovrards  the  vrinw 
oondactor,  tlie  lattor  cannot  bo  chai:ged,  bui  a  brush  discharge 
occiin  and  a  current  is  produced  instead.  The  Ushtiiin^  con- 
ductor act*  in  the  same  manner :  as  aeon  as  the  <£arg«d  olond 
approoohes,  and  would  begin  to  set  up  an  "  inductive  drcuit " 
io  tho  air  to  the  earth  beneath  it,  a  cuneut  begins  to  tiow 
ciaictly  in  iho  ctkndador,  tlie  poteutial  abuve  it  is  rapidly 
lowi'Tvil,  and  may  not  bo  able  to  accuniulale  sufliciently  for  a 
violent  iliHchai^,  i.  c.  a  lightning  fla«h,  at  all ;  bnt  if  it  dow, 
till:  dincliarf^e  will  occur  ilirougti  the  space  between  the  cloud 
and  Uio  outer  area  of  the  oouduolor's  oouo.  and  the  oondactor 
talcos  it  upin  the  form  of  amomentary  increase  of  current.    But 
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il  does  licit  fullow  tluit  till)  wliulo  (lur;liiu'go  trarontoa  the  dta- 
duolor:  mirroHiuliii^  niiikou  iu  nil  prolnbility  (okcs  a  pkrL 

91a  TKoao  prinuipltM  wttlu  coudusiruljr  at)  qucatious  as  to 
tbo  coiutniotioa  of  hghlniug  o  induotora.  Tboir  ubjoct  sboald 
bo  to  ooDDCct  to  mrlli  orurj-  ]iiirtit>ii  i>r  *  boildingi  nnd  m  thia 
in  actually  ]KMwiblu  ouly  willi  mutiit  buildioga,  tboj  aboald  ooo- 
DOot  ovvry  solioDt  point  Mid  as  moch  ot  tbe  nurfooo  m  i>omiblo, 
00  M  to  extoud  ftrouiid  tlio  butldingr  tho  ftnck  uf  low  potvctial,  or 
artificial  "  uurth  "  eurCooe  op{>asi>il  to  Uio  olood.  Chimnn}'* 
roquiro  «Ai>ovitkl  attoatiou,  beoauae  tJiey  am  tulx»  linol  with 
ouuduoting  muterial,  coutaiDiiijf  warmur  air,  utd  if  with  tinw, 
tlien  «xt(.-udiuK  ^  oomiMntively  good  ounduoliiig  oolutnu  of 
warm  air  towards  tlio  ciuad,  oiid  so  iitvitiiig  a  diaolutrgu ;  lioDOO 
it  is  that  U^^titniu^  almost  always  «ut«rA  a  houso  by  th« 
obiuineytt.  All  doors  and  windowa  causing  currauU  of  air 
shuuld  l«  clobcd  during  a  thundorstoriu. 

The  idLitt  jirutoctiun  is  that  of  ark  iron  ship  with  iron  win 
tiggia^,  where  a  copper  strip  ia  carried  across  the  '*  dead  «yoa  " 
HO  ua  Ui  ooanect  the  rit;giiig  to  the  hull:  it  is  scarcely  puanbis 
for  such  a  ship  to  bo  struck. 

921.  The  nriiuo  ossoutiul  is  a  good  carli  coKneelum,  which  is 
bout  obtjiiiKHi  iu  water  iu  goud  (-leutric  couuecliuu  to  tlio  man 
of  thu  KUrniuiiding  eatth.  Water  aiiil  >^  mains  prorido  tbe  bMl 
if  tho  oonduotor  ia  well  secured  to  thiiim ;  uc-xt  to  thvui  in  ib» 
metal  shaft  of  a  good  pump,  iu  a  w^-U  outiaCautly  supplied  l^ 
springs;  then  pcrndd  or  dilohos.  What  ia  reijuired  m  a  largo 
DUital  surface  tvruiiimtiug  tlto  conductor,  and  m  oout«ot  witli  a 
stratum  of  moiBt  oartli,  nu  Unit  a  liolo  sunk  iutu  wet  gravol.  into 
which  tho  conductor  in  led,  and  ■un'uundcd  with  a  quautity  of 
ooko  to  incroa«0  itaBur&oesof  contact,  will  anaw^ir.  but  dry  clay, 
or  rock,  ia  not  Kafc,  and  a  connection  to  water  oontaiuvd  ia  a 
tncro  ciatcm,  as  iu  Hoiuotiinos  employed,  ia  worse  than  naolosa 
Thia  connection  should,  if  pOMiiblo,  sTUTound  Die  building  by 
mcauB  of  rods  from  its  vanoQS  corn«rs,  either  led  to  diflcrcat 
earth  pLttca,  or  ohw  continued  by  a  rod  round  the  huuac  to  ono 
earth  connection. 

r)i2.  Evfiy  piuco  of  mutal-work  about  tho  building  shuuM  bo 
Ulilizod,  Buch  aa  ridge-eapa,  guttoring,  and  walor  iiii^a,  Thtwo 
ctntiot  bo  tnurted  as  oouduotora  beoauso  of  tho  juinu  in  thcio, 
voloM  these  are  soldered,  but  they  will  )it.-lii  tw  furnt  a  piu. 
t«cting  Dotwcrk  around  the  building.  For  tlie  lutiav  reason  a 
ounneotioa  sliould  bo  led  from  the  bottom  of  tho  dotvn  pipcu 
from  tho  gnttun  to  tlie  ncareat  auiiablo  eartli,  though  a  very 
good  but  variable  CArtii  oonnection  is  tiut  up  from  thoso  by  tho 
wiitor  itBulf  during  heavy  rain.     Thu  lower  purta  of  bolI-wIrc« 
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nay  also  be  advantagoaaaly  connected  to  aa  earth,  BUcJt  as  tlio 
iraareet  |^  at  water  pipes,  a«  sovoral  aocidente  haro  occnirred 
from  thoir  having  eitner  reowTed  n  direct  charj^  ihrGUgli  tlio 
walls,  or  having  a  violoot  current  induced  in  them :  oorapoaitiou 
e»B  pipes  ahouTd  not  bo  mode  part  of  a  circuit,  as  thoy  melt 
easily  and  mi^t  cause  a  fiic 

Q3}.  The  terminals  should  bo  attached  to  all  higli  or  ealient 
pointe,  moot  parlioutarly  oh imnoy- stocks :  if  theoo  are  wide 
and  contain  several  obimneys,  it  is  safor  to  have  two  pointa, 
though  usually  oiio  is  sufficient;  btit  the  kitchen  chimney,  or 
any  one  ooinmonly  usL-d,  and  tborcrore  lined  with  soot,  nud 
containiuf;  warm  air.  should  l>o  specially  nttuudod  to.  Tho 
points  may  bo  made  of  rods  of  i-inch  iron  drawn  out  to  a 
point,  rising  3  or  )  foot  nbovu  tho  bnildiog;  they  aio  bolter 
also  for  galvanizing.  There  in  tio  mlvantngo  in  any  of  tho 
fiujcy  iKiiitts,  pntcntcd  or  otlierwiwo.  Tho  thioknems  of  the 
oonduoior  dopuiids  npon  the  siw  and  height  of  Iho  building. 
A  factory  chimn^ry  or  church  steoplu  olioiilil  havo  n  copper 
eondact'ir  of  ol  huMt  i-incli  Motion,  well  protected  against 
injury;  for  smaller  buildings,  in<n  may  bu  tuted  instUkd  of 
copper.  In  ordinary  ouacs  galvaiiixed  irou  wire  of  alxiut  a 
^iitch  diamcti'r  (snob  n«  ui  wskhI  fur  tolegraphio  pur]>r«08)  will 
answer,  if  Iwl  soparntcly  fnin  vanoiis  snli^mt  points,  and 
carried  down  tho  difTeri^iit  niden  of  the  houKc  and  oonnoctoit,  as 
above  described,  to  the  gutteriiij^,  ftc,  but  for  a  single  conductor 
at  Icaat  )-inch  rud  shonhl  be  used.    It  appears  from  tbo  ex- 

EBrinio-nts  of  Prof.  IlugKa  and  Dr.  Ijodso  tlinttlat  ahoot  is  to 
0  pnforrod  to  thiek  rods,  an  having  ItM  "  impodanoo,"  and 
that  ^vanissed  shoot  iron  may  bo  uited  in  place  of  copper,  £at 
all  jointa  should  bo  well  soldtoed  in  any  carol 

914.  Conductors  should  nntr  be  t'awifaterf  front  (be  building, 
but,  on  tho  coiitritry,  ae  much  of  tlie  snrfaoe  as  poaaible  abould 
be  oonnectod  to  Hia  conductor.  Klectrometora,  &<:.,  aro  often 
KUrroundwl  ivith  a  cage  of  wire  oonnofft«d  to  eartli  or  the 
iieeativo  pole  of  the  (source,  in  order  to  prevent  tliom  from 
U'tng  ikfTt^ted  by  extoniol  eloolric  disturbancco^  Tli»t  is 
I'Xiietly  what  we  reriiiiro  to  do  witit  our  buildinga:  an  iron 
houKo  well  ounuGot«d  to  earth  would  uot  only  be  |>erfectly  mto, 
but  it*  inmates  would  scarcely  feel  any  of  tUo  (.-llitctJt  nsiially 
produced  on  tho  nervous  ejatom  by  *'  thundery "  woatlwr, 
exeept  so  far  aa  tlioae  are  duo  to  heat.  The  object  ainu-d  at  in 
a  ligntning  ooadnotor  should  be  to  approach  that  condition  ua 
nearly  as  possible ;  to  obtain  an  incloMa  araa  within  a  oonduoU 
ing  onrelope  provided  with  points  and  eooneoted  to  earth. 
925.  It  UAS  often  been  assertod  ou  thooretiral  piiuei|>l«6  that 
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a  larf^o  expanso  of  iron  rooGnj;  iu  a  perfect  pn>teotioQ.  The  gS8 
pipe  montionodS  913  supported  »  windaail  passed  tltroagh  an 
iron  roof  oovering  newly  half  an  acre,  carried  on  ii-an  pillars, 
and  provided  witn  a  good  lij-litninf;  oondnctor  terminating  in 
a  canal.  Yet  it  vraa  etitick.and  the  corda  which  6xed  the  vrind- 
B.iil  to  it  woro  burnt :  but  a  nioeC  oxoellent  <?artfa  wae  noar  the 
f>x>t  of  tho  pipe  and  no  further  damage  was  done. 

93C.  Examination  of  conductors  shows  that  many  do  not  give 
trustworthy  protection;  thoy  fail  by  imperfect  janctioDS  at 
some  part,  or  bv  iniporfoot  earth  oonneotion.  Some  people  say 
that  even  a  bail  oomtuctur  is  buttur  than  none,  aa  at  all  evcnta 
it  will  protect  tho  principal  Htractnre,  even  tboogh  explosive 
discharge  occuni  nunr  i1«  bottom.  But  this  is  very  donbtful : 
S  919  will  indicat<:  that  timy  may  draw  a  discharge  which  might 
not  othorwiso  occur;  §  914  will  show  also  that  th«ro  is  no 
tolling  whcro  tlio  latoral  diHobargo  might  occur;  maohinety 
or  engine  sbafUiig  might  draw  it  la  any  direction  into  the 
building. 

91J,  Oonductora  should  undergo  periodical  teats,  and  itwouLl 
bo  wise  to  provide  tho  means  of  making  audi  testa  perfect.  ThU 
could  be  done  by  attaohiiig  a  welUinaulabud  copper  wiro  to  tlio 
nppor  oxtroiuity,  connecting  its  lower  end  aIho  to  the  oondnctor 
by  A  screw,  so  that  ordinarily  it  ahould  form  part  of  tho 
conductor:  this  would  enable  tfae  peribot  continuity  of  the 
conductor  to  bo  loetfld  at  any  time,  by  measuring  tJio  resistance 
(if  the  conductor  front  tlio  screws  to  t(a  nppcr  oiid,  returning 
through  the  tost  wire. 

An  indopondont  "earth"  in  aUo  rwjniitito  to  tost  the  earth 
connection :  but  as  the  rceiatanoe  would  be  tliat  of  theaa  two 
earths,  a  Piird  is  requiirite,  to  make  sure  that  the  aeoond  is 
perfect,  and  olao  that  it  really  ia  independent,  as  tuinpomry 
oonneotions  made  to  gaa  or  water  maina  might  really  bo  a 
complete  metallic  cirouit  to  tlio  lightning  conduotor  itself. 

Such  temporan'  oarlha  can  bo  made  by  soaking  tho  soil  well 
with  water  and  driving  in  an  iron  cruwbnr :  tho  soil  of  a  stable 
Is  well  suited  f«r  oblniniiig  good  earth,  or  tho  atom  of  a  metal 
pump  may  be  um-d.  Two  sndi  earths  being  provided,  tho 
refiiBtonoo  botwoeu  tliom  can  Im  mottsured,  and  then  that 
between  each  of  them  and  the  conductor :  Uio  reaint^nco  should 
be  meaanred  twioi;  with  tho  battery  current  reversed,  to  com- 
pensate for  nny  polarization  ounrent  set  un  by  any  dilTorvnco  at 
the  earth  platea.  The  aolnol  reaistanoe  ot  eaoli  earth  may  thus 
be  arrived  aU  Tlio  rcsoitanoo  of  a  good  "earth  "  may  bo  as  low 
as  a  quarter  ohm,  an4  onght  not  to  exocod  half  nn  utim.  Th 
totni  resifitanoe  of  •  lightning  conductor  from  point  to  earti 


ought  to  bo  brought  to  itt  moat  i  ohm,  and  certomly  BhonM  not 
oxoMdaohuu:  it !»,  howoror,  oootmon  to  find  «  roswlaDoe  of 
■orroiml  hundred  ohiiw  in  oonduoton  attochod  to  important 
pahlia  buildings. 

938.  It  mny  bo  v<M  to  explain  faoro  n  subject  whicli  ia  a 
dtffioalt/  to  mon^  minds.  FaruU;  stated  that  tho  cloctridty 
eootainml  in  a  grain  of  wat«r  ia  oqnnl  to  that  in  a  poirorftu 
flwh  of  lightnisE ;  aomo  quote  hitn  na  aaviiig  it  is  equal  to  that 
of  a  aoriTo  tlitiDaoratorm.  Now  it  ia  ovidont  tliat  the  energy  of 
a  grain  of  water  ia  foot-lba.  6841  -r*  9  =  7C0,  and  it  ia  obvioaaly 
nmnrd  to  compani  Ihia  with  tho  power  oxertod  by  a  6aah  of 
lightning :  it  u  oaly  equal  to  warming  1  pound  of  watur  1° 
Fahr.,  or  Uio  work  of  a  man  for  livo  minntcs. 

^Vhl.■n  Fanda;  made  thia  aiatemont  ho  waa  beginning  the 
atndy  of  eldotrio  qnantitioi.  Tolla,  amperes,  and  ohma  wore 
then  UTidi'oaiiH^l  of;  nothing  Imt  vague  conuriiliticK  had  boon 
attained  to.  It  ia  tlKuvforo  not  to  bo  wona<,Ted  i>t  thnt  while  ho 
displayed  hia  wonderful  experimental  powoni  in  mitkiiig  com- 
parative meoaniementa,  h«  compared  together  tiiinga  naving 
no  relation.  It  Is  rather  atrango  that  wliito  hia  vtatemttnta  are 
froqacntly  nqtioted,  their  true  iutiT]irctution  ahoald  not  be 
given.  Beforo  doing  ao  it  mny  bo  well  to  bring  together  tho 
aluleiiienta  of  Famday  and  other  workora  in  the  »amc dirvotion. 

91a.  Faniday  found  that  to  decompoco  a  grain  of  water 
reqniTvd  a  current  for  ;{  minntca  capable  of  keeping  red  hut  a 
platinnmwire  ■•i04thofan  inch  in  diameter.  Wo  can  cxpresa 
that  na  a  current  of  )*i)  ampcrca.  or  a  qiia^tiiy  of  ^o4*j7 
eoulomla.  Ho  found  that  to  emct  the  aamo  ilocompoaitiun  by 
the  machine  required  800.000  chargca  of  1 ;  Leyden  jara,  oocu 
baring  164  aquaro  inches  of  coated  glaatt.  Eacli  of  thoao 
oharn*!  produced  by  %o  turns  of  a  ;o-inch  plato  niutTliiue,  waa 
capable  of  killing  n  tat,  itnd  wtui  «<iiiiTuleut,  ohiMUioally,  to  tho 
action  of  a  platinum  and  xiiic  wire  cooh  oue-eightceiith  of  an 
inch  in  diameter,  iroineraud  flvo-dghtha  of  an  inch  in  weak 
acidulated  water  for  abonl  three  aeoonds. 

9J0>  Webor  hojt  calculated  that  the  charge  due  to  t  grain 
of  water,  if  plaoed  ou  a  cloud  1000  metrea  ()  jS  i  feet)  above  the 
earth,  would  exert  aa  attrootlTe  force  equal  to  14^7  tons,  and 
Iteoqnerel  arrlred  at  aomewhat  aimilar  llgurea,  Weber  ooinpared 
the  charKO  of  a  Lcyden  jar,  of  which  the  atatio  value  waa 
mcaanrea  by  tho  toniion  electrometer,  with  the  battery  current 
producing  eqnal  clTeot  npon  a  galvanometer.  He  found  that 
i£,57}  X  10*  unita  of  olootiioity  decompoaed  t  millip^rainmo  of 
water,  and  reckoned  that  on  a  elmid  1000  metres  lii|;h  an 
ftttntetlTo  foree  of  iiSfioo  kilogrammca,  or  jo9  tons,  would  bo 
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<!X<-rU:(l.  Tic  aluo  reckoned  that,  nMiiroing  tlio  oxygen 
liy<lri>gi'n  nloniK  of  this  vrAli-r  wcro  BOputitoly  nn^M  a| 
thn^ds  I  niillimotro  long,  then  to  cfToct  tho  docoiopoKitian  tho 
tIireii(lswoiiliIro>]iiirc  to  bo  drawn  apart  with  a  forcoof  i47,j8o 
kilograinmi^B  or  145  ton*. 

9}  1.  Now  let  ii«  tmnslnto  those  rosnitc  into  niodcni  expnm- 
sioiis.  The  current  vnluo  of  1  grain  ofwoU-r,  S  0*9.  i«704'J7 
coulonilfft.  Wliftt  le  tho  eondoDitcr  which  will  roptncQ  FBTaday'a 
800.000  ch (I rg«,  which  roprcwnit«  lohargvof  '5>)3]>$)5><I1uito 
fi-c-t,  or  1  LvydiMi  Jur  with  n  contend  Kiirfaco  of  353  noreK,  which 
wuuld  bo  a  tnodbmtfl  iuxjlhI  tliuixlcr-cloui],  lining  incirc  than  half 
a  B({iiaio  tuilo?  Tho  actual  iiizu  of  Uiu  coniloiiKcr  would  duptind 
on  the  iKik-nlial,  ami  titarting  witli  tho  unit  1  volt,  wc  rtiiairo 
a  cai^acily  uf  704*37  furadii,  or  704,170.000  uiicrM-furadii.  S  41;- 
Takiiij;  j  ■ ;  inilos  uf  ouhlo  as  tho  pIiyHicul  laicro-famcl,  wc  nn<l 
that  I  volt,  or  say  1  Dunicl)  oell,  would  roquiro  146 j  million 
niilidB  to  Tocuivo  tho  diai^,  or  euongh  to  wind  1 200  limon  nmiid 
tlio  earth  ami  moim,  or  twioet  round  tUo  earth';*  orbit  Or  if  wo 
tnko  the  earth 'n  (iiimginury)c.-ti)acity,  S424,  aB7O0micTt>-fiimdH, 
it  would  charj^e  to  1  volt  a  million  tiuol)  worhln  aa  oura. 

9J2.  Leuving  all  tluw  fiiiitaRtic  unrcalitiu«,  what  is  tho 
CODimou  aunnu  of  the  nialt'-r?  It  ia  xiinjily  a  qnoBtion  of  tho 
relation  of  ihc  two  ijnnntitit-K  Q  and  Q  of  S  641,  of  Q  and  Q'  of 
$  15,  or  of  Q  and  E  of  Uie  onliuary  fin-inulia;  thitt  in  to  nay,  of 
tho  two  ftiDPtiona  which  tvyelhcr  oonatitiite  what  wo  mean  bv 
olectricity,  whilo  tho  word  ia  froi|Ucutiy  aptilied  (ah  in  this 
com)  to  cither  oiio  of  them ;  tht-eo  two  aro  Q.  quantilji,  or  the 
molocnlar  action  of  matter,  and  K,  aurgy,  tho  potcmtial  under 
which  the  molecular  action  occurs,  tho  alTcn  put  on  tho  circuit. 
All  tho  idun»  we  hnvo  been  couiidoring  do]wiid  on  tlio  imaginary, 
but  impowihle,  ieolation  of  Q :  Uio  rvol  phenomena  degwnd  on 
Q  X  K,  tliu  mntt<T  and  energy  which  together  constituto  oleo- 
ti  ieity. 

9)j.  Now  in  tho  coso  of  water,  E  is  a  potential  of  Ices  than 
1-5  volt,  and  what  wo  haro  to  take  into  acconnt  in  tho  com  of 
tho  gniin  of  water  ia  therefore  Q  X  B  X  Jt,  or  704  X  i*S 
X  "7J7J.  ll''»  heing  the  constant  CKpreMiiiK  tJio  energy  in  foot- 
Uw.,  which  given  nit  juat  tho  760  foyt-lba.  which  wo  know  i»  iho 
mei-huniirul  omiiralcnt,  f  9J7,  of  tlio  Emio  of  water.  In  tho 
eune  of  tin*  liglitning  llanhi  tlio  Q  of  which  wo  AMnme  to  bo  thia 
aamo  gniin  of  xvatcr,  wo  have  a  potential  nnknuwn,  but 
which  we  may  take  to  bo  that  arririd  at  in  £  506.     Thuti  wo 

704  X  },Go4,ooo  X  '7J7J  =  1,872,000^000  fbot-lU. 
This  SsoTO  enables  us  to  understaDd  why  this  "  grain  of  wat«r  " 
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can  prorluce  saoh  tremonctong  mechAiiical  offbcls  tvboii  ood- 
ooutratin);  thU  onorgy  upon  some  point  of  hlgK  i«BUtaDoo  ia  RD 
iitlluitcBiinal  fraction  of  a  Booond. 

9)4-  llut  the  rurrenl  of  suoh  a  fliuih  is  not  a  anmll  one,  as  ia 
ofteu  BtAbxl;  if  wo  tako  tho  timoof  tho  iligchurgoaa  i-ao.oooth 
of  a  eoconJ,  -jos  ~  ao,00O  =  14  million  nmpuras.  From  this  it 
ia  prot.ty  clwir  that  no  lightning  cnndtictor  ia  over  calloil  upon 
to  carry  such  a  current ;  lilhur  it  lowora  tho  potential,  proilucing 
a  steady  current  and  ndnoing  tho  actual  flaoh,  whon  it  occnn, 
to  a  Tery  small  ono,  momontarily  raigiDg  tbu  current,  or  it  only 
carries  Hiciuall  part  of  tho  disolmt^  which  b  largely  diHtribntod 
over  Kiirroiiiiding  spac«. 

<))5.  It  may  bo  of  intonst  to  nbovr  that  Dr.  Lodge  Iim 
arriTod  by  a  diBbrcnt  proc«M  at  much  tho  sumc  rcHiiltn  dm  thono 
I  hnvo  gtveii.  Ho  MjB  that  tho  total  vncTgy  of  nn  anii  of 
ctond  may  bo  ntimntud  from  tho  fact  Uiat  the  electric  ttiniuon 
of  air,  S  96,  ii  limited  to  a  lialf  grammu  wi^i^^lit  jwr  winnro 
oontimctru  when  dixrupticiu  occtini,  »o  that  lis  uner^-  an  a 
dieloctxio  iM  98)  ergs  per  cubic  eentimetre  ami  per  otibio  mile  is 

4110  X  10*    ,    . , 

— fool  tons  =  70,000,000. 

2  X  !■  X  >o'  ' 

An  electric  quantity  of  ii^tS  x  to*  elec.  stat.  units  mr  Riuaro 
mite  would  give  a  baraliDg  teuaion  for  a  mile  leugtli,  and  thia 
tN  just  about  70  coulombti,  or  not  enuiiKh  to  decompoeo  )th  of 
a  {^in  of  water.  Of  conrse  the  whole  stored  energy  of  a 
cubic  mile  is  not  disoliarged  iu  one  flash,  though  the  whole 
oleotrie  quantity  would  ojierato. 


(  «*  ) 
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<})£.  Throuebout  t)i(»o  pages  clootrio  truuminioa  hw  bMD 
roganlcd  luittnty  ns  a  brcaliing  up  and  reformation  of  Um  moliH 
cuTctt  which  furm  tliu  pcilarizod  cham  or  circuit,  this  being  tho 
action  whicli  iindoubtcsdly  doos  occur  in  eloctrotysis.  But  no 
Binglo  conwption  will  convoy  tho  wholo  of  any  scientific!  tnith, 
and  it  hfiK  K-on  itidicntod,  especially  in  SS  £09-11  And  66-},  thftt 
tTanKniiKHioii  nmy  bo  oSbotod  by  other  means  (such  tte  rvfalion  of 
the  molcciileit)  dcpfndi^nt  upon  tho  samo  cansos.  vj*.,  polar 
iittnictionK  of  iiiiittor,  nhicu  in  «lootrolyais  prodaoe  aottial 
diitriiption. 

057.  BtiTATiPN  OF  Molecules. — A  rotation  of  molecules  in- 
volving a  ivvcrml  of  their  polar  UTaneemcnt  will  fulfil  all 
the  couditioiiH  ix-Kjiitiiid,  &tid  the  T«latioil8  oetwccn  magneto  and 
cloctric  cuTTents  iitflicato  that  Hnoh  a  rotation  Aovf  ocoiir  in 
nolid  ooiidnolom,  and  that  tho  dirixition  of  what  wv  cull  tho 
cuiTcmt  dopcnd*  npon  vrbctlier  this  rotation  t«kc-«  placo  on  an 
axis  tncilinud  to  tho  right  liand  <ir  to  tho  left  of  tho  polarized 
chain  itMlf.  This  idea  aecma  to  he  confirmed  by  tlio  Twworchw 
of  Piof.  Hughea,  who  finds  a  +  or  —  cnrrunt  produced  in  r  wire 
around  a  luaguetizt^l  Ijur  according  as  torsion  is  applied  to  Ibv 
bar  in  one  or  other  direction. 

936.  Whenever  a  ntagnctic  body  and  an  oloctrio  conductor 
are  brought  near  to  each  other,  or  moved  in  each  otlior'a 
Ufighbourhood,  limy  react  npon  each  other  if  either  Ih  under 
tho  influence  of  eiUier  foroo,  magnotism  or  electricity.  A 
QiAf^net  will  produce  a  airrcnt  in  tho  oondiietor  if  cither  ia 
moved  under  certain  couditionii ;  electricity  in  motion  as  ciirn-nt 
CDufcro  niagnotiaiii  ou  a  uagiiettu  subalanoo.  llic  reason  in  iluit 
tho  two  are  roally  different  manifeatationa  of  tho  samo  forco, 
and  duo  to  different  aotiona  of  uoleoulea  in  a  state  of  polarisa- 
tion; tho  olectiioaotioniaUiat  exerted  in  tho  lino  of  polarization; 
magnetism  is  the  action  at  nght  angles  to  tho  lino  of  polariza- 
tion ;  it  is  exerted  tn  every  oiroctioii  at  right  angles,  andt  aa  a 
oonse^neneo,  muguetiiim  baa  En  itnelf  no  airoctivo  power ;  tho 
diTvctivo  power  of  tiiaguetM  is  not  tho  property  of  any  singlo 
msgnotio  aitbstunce,  but  is  tbo  couaciueiice  of  tho   uiiiluul 
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reaction  of  two  or  more  enoh  obioots.  It  is  tho  poeflcasion  of 
magnfitism  hy  the  euth,  whioh  thenifore  acU  as  one  such  body, 
that  confors  upon  magueta  their  ctppBrcnt  direclive  povor. 

9)9,  Tbo  BouTto  of  all  the  innliini  actiot)§  of  magnets  ftlid  onr- 
rente  is  to  bo  found  in  that  property  of  tho  m<jli?«iilos  of  natter 
which  wo  cnll  indiution,  a  power  of  acting  externally  upon  other 
molocalm.  >Vithin  the  oloctric  circuit  itfiolf  this  power  sol§  np 
tha  condition  of  "polamation,"  or  arrangement  of  molecnlee  in 
regular  a«qaenco  (4-  — )(+  — )  C+  -):  batbcwdeBthiaaction 
61  Ikt  drtuit,  a  BiniiUr  action  it  uzcrtcd  anm»d  tim  eireuit,  wliich 
tends  to  plaoo  Eurrouiuling  molecules  in  a  parallel  polar  onler. 
But  whilo  tho  &nt  action  is  consistent  wiUi  a  transmission  of 
ODorcy  along  tho  circuit,  and  is  thns  of  a  dTnamio  character, 
invomng  a  oonstant  robition  of  tlio  moloenlos  on  their  axes, 
tho  sooond  is  static,  and  ohiuigM  only  when  there  is  a  change  of 
oonditiona. 

940.  JUo^Mtim  ia  afaaelion  of  mergy:  it  is,  as  in  many  oth«r 
ca»<.is,a  foroomanifeetod  by  tho  particfiHiof  matter,  when  diargcd 
with  energy.  It  is  a  qneation  whether  magncUsm  is  a  foroo 
actnallv  poeneNted  by  matter  Etself.  or  whether  matter  poesesitts 
only  the  focolty  of  exerting  it.  Tho  present  tendency  is  to 
belioTO  that  magnetism  is  solf^cxistent ;  that  it  is  not  mani- 
fested ordinarily  by  matter  bccsuKo  its  ultimate  magnetic 
dements  are  dosed  in  pain  as  shown.  Fig.  £5,  p.  J19,  and 
that  tho  energy  of  magnetizing  is  employod  in  opening  theao 
pairs  out  into  the  order  shown,  §  £10.  This  is  the  theory 
adopted  by  IVtf.  Hughes,  and  mora  fully  worked  out  of  UI0 
by  iVof.  Ewing. 

c)4i.  Hilt  magnetism  may  bo,  like  di-electric  capacity,  not  an 
actually  existing  foroo,  but  something  in  the  stntcturo  of  some 
forms  of  matt^-r  which  enabU*  them  to  aMnme  a  tempoTiiy  state, 
in  which  they  mnnifeat  exceptional  force,  just  as  a  ohaigod  di- 
olectrio  dovti :  this  coacepttun  appeunt  to  me  to  best  explain  tho 
fikcts,  but  eitber  will  servu  the  purpono.  If  we  consider  that  the 
actual  eSects  are  those  of  energy  applied  from  without 

941.  It  i.t  uxual  to  Kjieak  of  tod  maUeular  stmcture  of  magDOtm 
and  as  thoiigli  the  ultimate  ma^iacts  of  Ewing's  theory  were 
really  tho  molecules  as  deiincd  m  chomistry :  of  this  Uioro  is 
nocvidouco  whnloveT.  Tliom  mo^nefic  ffuAeeviei,  which  it  might 
fceleasoonfrnting  tocall  "  partiolua,"  or  some  other  name  without 
80  special  a  moaning  as  molcoulo,  may  bo  amrcsaUi  o/nal  wtU*- 
fu2r<,  and  magno^m  a  force  due  to  MKn  aggrt^tioo  :  the 
phenomena  ot  the  *'  critical  point,"  the  tenporatnre  ossocialcd 
with  evident  change  of  Ktrnctuio  and  energy,  with  loss  of 
magnetic  [tower, ana  with  "j>ioa]eMeaco"evi£nA\i\^«.x<AM«wh 
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of  iiitcmnl  enor*;:)',  mayirQll  in<lioate  a  breiiking  npormoloctibr 
sgKTCitationB,  each  as  oocnrs  with  atoms  in  uasca  of  allotTOpy, 

94^.  Maynttiita  u  eflhe  tame  order  as  charge;  it  in  a  ntntio 
camlttion  of  tiio  luolcculoe,  Hct  tip  by  cnorgy  abeoTbed  from  aa 
electric  current  (ur  other  eouroo);  while  thie  coDtlition  is  liiing 
oKsnmod  tbo  jiroco^  acts  as  a  reeistanco  ;  hut  cnco  not  uji,  it  ia 
etatio,  rcq"ircs  iiotnoro  cni orgy,  and  tbo  cncrgrwill  bcrcUin«<], 
ur  given  up  ae  a  cunvnt,  noconliog  to  the  otmuition*. 

944.  To  approhoDcl  tho  oonHOquoncoB  vfo  vhoultl  rogaril  tlio 
oluoirio  virotiit  an  a  itiiaplo  olioiti  of  polar  molocalc*,  wliti ' 
almll  d»  by  drawing  (hoiu  as  oUipna,  of  wliiuh  tlio  dark 
will  reprciKiut  the  +  end,  or  tho  dircctioii  iw  which  we 
coiiouivo  tho  itiipito«etl  oloctrio  current  la  bo  tmvcUing ;  tlio 
whito,  or  —  cud,  bviiig  that  oonnoctcti  to  the  poHttiru  polttof  thti 
battury.  Fig.  7 1  is  »  KocUon  of  Mich  it  chain,  looked  at  from 
the  iKmitivu  pole,  thut  is  to  say,  the  —  end  facing  tho  observer, 
vita  tho  linti  of  olvctnc  polarization  piutsing  through  the  centre. 
Fi^.  71  ill,  it  will  Iw  MOD,  n  traasTereo  sootion  of  the  moleculo. 
Fig.  27,  p.  84.  But  it  utisl  be  uoderstood  tiiat  these  show  only 
titc  ntalic  Ktroesos  of  magnotism,  and  that  whilo  current  may  bo 
uaufully  typitiwlbysaohdiagramx,  tb*\v  cannot  iibow  the  inotiouR 
which  coJiHtittitO  roal  oiirront ;  thoy  aro  only  aids  to  tho  iniagi- 
niitiuu,  not  real  piotiinw.  In  this  way  Fig.  72  muy  typify  a 
oiiri-biit  ill  a  eonduotor  with  its  <ixt«rnal  xtatio  iictiaiis:  my 
iDotecnlar  oUipsea  will  bo  noon  to  ooiTCMiiond  in  magnets  to  the 
oponed-out  tuogueUo  elements  of  I'rof.  £wiiig*H  tlioory. 


Fia.7]. 
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r)4;.  If  wo  conceive  tbo  poluiaed  oJioiu  C,  of  Fig.  71,  to  Im 
formed  iiito  a  circle,  as  ia  Fig.  71,  wo  bavo  tho  gonc^nil  n>lattouH 
of  currents  and  magnets.  Lot  b  boa  sootion  of  a  lur  of  steel; 
its  molocules  arrange  tliemaolvos  in  closod  chains.  Si}},  Fi^.  jo ; 
snd  M  stool  posBoases  tho  power  of  rotaining  UiIm  ogndition,  it 
booamw  a  nuigavt ;  th«  iavxn  «xonotl  at  right  anglua  to  the 
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dJTootion  of  jwliirization,  all  combining  and  toting  in  the  line 
oftho  l*r,  M  shown  in  the  upper  bar  ij  N,  Fig.  76,  and  also  in 
Figs.  74  »nd  7;.  Tho  diffonmoo  botwoon  tko  two  extrcmo  fooea 
of  thin  Iwir  in  that,  lookod  at  bom  tho  oxt«rior,  tlio  linen  of  [wlari- 
zaliun  tiini  tu  tho  right  in  S  and  t<>  ibo  li^ft  in  N,  on  Men  in  the 
two  poUr  foow  shown  in  Fig.  ?&  Tboro  in  no  diffurcnoe  of 
propcrtT,  DO  inhtront  dirDctivu  tcndonof  in  thoM  onda ;  but  in 
England  we  crU  tho  boo  3  tho  south  polo  of  tlio  magnet  beoause 
It  ranffew  ita^  in  tho  earth's  mtgnotio  field,  fnoing  to  the  Boath 

Kto  of  tb«  oarth.    In  Franco  the;  call  it  tho  N,,  or  Boreal  polo. 
cause  the  north  polo  of  tho  earth  hoH,  iu  fikct,  the  oharaoten 
of  what  wo  call  tbe  S  jtolo  of  11  bar  iiiagnot,  §  869. 

F10.7S. 


^^6.  Bnt  action  talces  plooe  externally,  as  iroU  ae  within  tho 
ring.  If  I  C,  Fig.  7},  utregardcd  aaaringof  wiro,its  raoloculus, 
of  neoeaaity,  swing  into  tho  polar  onli-r,  and  in  doing  so  a  ino- 
tnentarjoorrcntisgoDoratod  in  thiE"HoooiidHry  "wire;  but  only 
mo  wave  of  action  u  produced,  no  cumont  continues  to  flow  in 
1 0>  As  soon  ns  tbe  primary  onrrtrnt  ceases,  all  tliv  niolooules 
Tonme  their  normal  position,  and  in  the  net  of  doing  so  a 
enrretit  la  agnin  sot  up  in  1 0,  hut  in  tho  opposite  direction  to 
tho  finiL 

If  S  in  iron,  instead  of  steol.'it  loses  its  raagnotism,  4}ld.*^'3S. 

\o  snr* 

^etio 

JUld. 

^ed 
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toixgy  it  has  stored  up  is  employixl  in  ioci'c«Hing  ihr 
tho  earrent  in  1  0.  and  also  in  producing  an  extra  c< 
itself,  ooutiniKxl  after  tho  batteiy  is  cut  off.  A  p 
encr^^y  also  nuU  np  circular  carreuts  within  the  11 
those,  wbioh  are  called  Foaoault  corrents  from  their , 
ore  wasted  to  liMtiog  tbo  iron,  wid  arc  portly  tho  oau 


I  con* 


is  now  onlled  ■*  hyttfinttls,"  S  97>-    It  is  to  aroiil  this  that  cores 
are  made  of  buiialeii  of  wJhm  or  fih«u1«. 

948.  If  S,  inatoul  of  lioiiig  n  bar  of  inia  or  a  biin<Uo  of  Iron 
Tvirc«,  iM  modo  of  an  iuauUUid  iroit  wiro  wuhdiI  up  iit  a  IwJix 
Aimtliir  to  tlio  other  wiroa,  it  will  xlill  not  M  «  mjtfrnoU  though 
loM  forcil^lr,  owing  to  t}iet>n»kiiiti  tJiO  longitudinal  or  Ria)in«tio 
Hnea,  Init  thoexfra  current  will  then  iHifonoedwilltinitMtlfaud 
tho  wim  will  give  off  aparla.  Thia  faot,  which  I  diaoovored 
man;  yvnn  ago  and  included  long  aft^jr  in  a  jiatonl)  has  uaos  aa 
yot  not  dureloped. 

949.  The  current  in  tho  nccondary  wire  in  in  tiio  rev«reo 
dirootion  to  tliat  of  0  ilflclf  whon  contact  iit  mmlo :  at  hmking 
circuit  the-  induced  currviit  18  in  tho  niuno  dircictioii  an  that  of  & 
A«  ihnsK  ciinonlA  ar«  caoh  the  re<tult  of  iiiiigl<;  u:iil  tv^ui^l  «n-in(;8 
of  tho  niolecuU'H,  tlieir  "  quantity  "  'ut  thu  wiiuu,  for  quantity  is 
Hioijily  n  function  of  tho  niolconUr  aotiona.  But  tho  E  M  F  of 
tho  hrufiking  ourront  Ia  much  tho  greatott.  The  n«M}n  is 
obviouK:  in  th«  lint,  energy  ia  buing  taken  ii]i  »ther  in  tho 
core  S  thiiii  in  the  wiro  I  0 ;  iu  Ihu  taut,  that  cuorg^-  b  ^ron  up 
to  I  C  and  added  to  its  own  ohargc. 

950.  Tho  tlimclian  of  tliciw  and  all  actions  omong  curronta  and 
maguctd,  induced  by  motion  (whicli  incttidrs  tho  Ectting  up  or 
COBBution  uf  n  cnrrcnt,  tliuKo  buing  c<|uivii]ont  to  a  motion  of 
opproadi  or  withdmwul),  i»  goviM-ncd  by  n  low  fi>rraulntcd  by 
LuniL  3^  dincfian  0/  the  current  net  uv  tiif  aai/  motion  itiil  ho  «VM 
OJ  aQl  refiil  that  7Mtioit,and  vice  w:r»a.  Nuw  currcutu  liaving 
tho  lame  direction  alteacl  each  other:  thitroforo  a  current  in  tho 
oppotite  direction,  which  reptU,  is  set  up.  Tie  order  of  tho 
pulariiuktiou  in  maguota  (t'ii^*  7Jt)  acts  as  would  the  oorro- 
■ponding  current,  represontod  by  C.  We  may  see  in  this  some 
analogy  to  tlio  action  of  two  wheels  in  ooiitaat;  when  one  ia 
rotat^  in  one  direction,  it  sets  up,  in  the  other,  a  motion  in  tho 
oiipoaitci  (lireotion.  Thus  the  ouiivnt  at  "  brvak  "  in  in  the  namo 
diroctiou  as  tho  primaiy  curruut.  nt  this  rcniitia  tho  domagtietl- 
xatiou  or  wiUidrawal  of  the  magiidtii;  energy,  or  mugnul. 

9;  I ,  In  consequenoo  of  these  rvlutious,  a  wire  wound  round  » 
bar  of  Iron  magnetisca  it  iu  a  direction  dolermincd  by  tho 
direotion  iu  which  tlio  wire  is  wound.    On  the  other  baud,  if 


01  uurrcnta  a.[gm  ^^  ^n  and  also  upon  the  direction  in  which  tho 

its  w.oIoculM,y„j_    Holioea  are  called  dertronal  or  right  hand.!d 

att<x  UM  stool  ^„p  ^^  u,^^  fj^^  tljg  gnj  „t  which  tho  current  entors 

tMHK'tii&s  A  ni^  (],y  ooiDcg  ol  tlifl  wire  oomiuoncee,  tho  wiro  turn.; 


9;jO  ionoM  op  Bmcts. 

from  left  to  riglit  over  tho  ooio  m  tho  brnda  cf  a  watdi.  Fig. 
74  in  a  right-IiiiniJod  belii,  and,  m  it  ithown,  Ruoh  helices  give 
Sontli  poUrity  to  tbo  ci\d  at  which  tlio  ctiirent  eutera.  In 
tinulronat  orUi/t -handed  helices  tho  viro,  nndcr  liko  conditions, 
tnnut  from  right  to  Ivft  ovor  tho  ooro.  as  in  Fig.  75,  uul  gives 


Via.  7i. 
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North  polsiity  to  the  gikI  at  which  tho  current  enters.  A  right- 
handed  helix  beoomcs  bft-hnndcd  if  looked  at  fruin  tlie  other 
eiid ;  Uierefore  whoii  tho  wire  of  a  right-banded  Jielix  returns 
over  ilAcir,  liy  conlinaing  to  wind  in  the  same  direetion,  the 
npper  layer  becomes  a  loft-handcd  helix;  but  asthedireutionef 
the  cnrreiit  reverses  ns  regards  tho  core,  the  mutual  rcaotioii  of 
wire  and  ooro  is  tho  aame  10  all  par1«. 

90.  Fig.  7$  carriea  thaw  relations  a  stage  farther.  TIio 
ooutluotor  18  shown  as  a  line  of  niolooaks  upon  the  arrow  whicli 
marks  tho  direction  of  the  enrrent ;  four  mngnotio  bars  sunomid 
it,  and  the  mnlocalar  nrrangomtrnt  of  Uicse  shows  why  they 
place  thunisvlvfH  m  they  du  (assnining  the  earth's  influeoce  to 
be  noutralixed) '■  the  eudn  of  the  two  side  magnets  conoepond 
with  those  in  Figs.  74  and  7;  as  the  otlior  two  magnets  do  with 
tho  bars  in  those  figurea.  Tlio  niagnot*  arrange  UiomselTee  as 
tbongh  the  lines  of  polarisation  were  ouTTC<nts  parallel  wiUt  the 
citrrcnt  itself,  and  as  theoorreapondinghvliecs  would  if  cuttchIb 
wore  traversing  litem. 

9;}.  ^Vu  have  now  to  oonsider  how  tlio  magiietfl  react.  A 
magnet  is  not  niorely  a  lur  of  inetnl ;  it  is  linxod  to  the  sur- 
rounding mntler  in  wliieli  iiro  completed  the  lines  of  magnelio 
force,  and  which  oonslituiu  what  is  called  a  mtigiKUe  Jkld, 
which  field  is  nn  integral  part  of  Uie  magnet,  whether  fomted 
in  surroondiiiK  matt<ir,  er  oonoontrated  in  a  mass  of  iron  con- 
necting its  poles.    W  hen  ft  magnotio  eahetaooe  ia  uuki  ^Sh  ^-n.-wt. 
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(hM6  lines  fowanlB  itself,  and  by  entering  them  becomca  niag- 
nfltisoJ,  but  in  ordinary  conilitiona  via  may  regard  the  lioea  of 
forco  as  enctoBing  an  t-llijitit.-  it\nioa  ruund  tho  magnet,  as  shoVD 
Fig.  ji,  i>,  89,  and  expUiuod  SJ  IJ7-S. 

Fig.  77  t;ivce  tho  idea  mora  coitiplot«ly.  It  shows  that  tho 
linea  of  forco  of  tho  field,  ouolosiug  llie  ollipso,  may  lo  looked  at 
from  a  twofold  asi)oct.  They  are  oommonly  treated  as  sot  up 
by  tho  poles  of  tho  inagnet,  and  as  completing  iho  circuits  of 
najitetic  polarity  ;  for  many  purposes  it  is  dcsirablo  to  80  roeard 
tbem,  and  thhi  viow  is  presented  by  the  vUiptio  litice,  which 

A" 


coirespotid  to  llio  arrows  of  Pig.  11.  Bnt  wo  may  witli  oqtial 
trnlti  consider  tlio  polsrJKod  oondition  as  sot  up  by  Iho  circular 
poIamaUou  of  the  magnet  furmiiig  tho  vertical  circles,  and  so 
ref^tfd  tlio  elli))t4a  or  niau;netia  linea  m  set  up  indirectly  by  tho 
action  at  risht  angles  of  these  oirolcs ;  both  actloiiB  no  doubt 
unite  as  real  causes  of  the  magnetio  field. 

9;4.  Wo  shall  thus  understand  why  the  induetlve  power  of  a 

magnet  iB  so  much  greater  at  its  middle,  while  its  aUractive  power 

isao  much  i;rcater  at  itsends.   The  attraction  iB  a  function  of  the 

^irnrral  law  that  parallel  ouireots  attract  each  other ;  there  is, 

to  Act,  in  all  spiral  conduotore  a  teudonoy  to  close  up,  beosueo 


UAQKET  kVt  nKU>. 

of  this  attrootion  bctn-con  nil  tbo  imrtinl  currciits.  Now  if  wo 
OODoeivs  ouulliCT  ligurv  like  Fig.  77  broiiglit  near  it  endwise,  it 
is  evident  tli»t  to  make  tbc  linun  of  polanmlion  alike,  the  liorlli 
end  of  one  inuitt  Iw  prwDutctl  to  th«  raiith  ond  of  tbo  otbor.  and 
that  then  not  only  <m  ihv  circloi  of  Uio  ban  agroe,  while  oU  the 
oiroles  of  vwii  luugnct,  inti<ntal  aod  oxtcrDa),  attntct  each  other, 
but  the  |>rojuctiiig  linc-Jt  of  force  of  each  magnet  become  inoor- 
poratcd  with  thoso  of  the  other,  and  the  rcault  ia  a  new  eUiptto 

Fig.  77. 


field,  OS  shown  Fig.  ;i,  p.  90.  llcnoov  naturally,  long  augneta 
have  the  greatest  attractivo  power,  for  thoj  may  bo  regHaM  w 
many  small  ones,  combining  tbrir  mnptctto  fon**,  jiint  as  the 
union  of  battvrioa  in  nrivii  (Mnubinca  thuir  EM  F'x.  lint  n»  to 
induction,  tliu  external  <-!n-)t-H  ai-u  uffc-cti'd  by  those  of  the  bur 
inOTV  i)owerfu11y  at  tbo  middle  tliau  Uiuse  at  the  enda  can  bo  l>y 
the  waole  length  of  the  raiignul,  an  thia  inflnenoe  obeys  tliti  taw 
of  the  MiutTM  of  Uie  disljuite ;  therefore.  8i>6aking  ruuj^hly  for 
illustration  nke,  if  wo  considiir  thu  inductive  action  of  t-ach 
droloof  tbokar  tolwetiuol.and  eiiU  it  io.aciiclo  at  the  middle 
will  have  a  forte  of  to  osertwl  nimn  it  by  the  two  end  ctrtlea, 
but  u  oirclu  nt  tlio  <me  end  will  bo  a'^tc-d  npou  by  tJie  middle, 
10,  and  tbo  other  «nd,  whoso  diBtanco  in  doubled,  will  give  only 
1 0-7-3' or  3 '5,  a  total  of  1 3-5  upon  an  end  oirclo  against  ao  on 
Iho  middlo  circle. 

9^5.  All  wlio  wish  to  nndemtand  magnetic  nrinolples  Khoald 
teperiment  on  tho  "  field "  for  thvmsidvca  Mid  not  rely  opon 


li^urou  given  in  boolu.    Mount  it  shoet  of  gloK  upon  fi-ct,  iw 
tnignotii  and  apparatus  cm  t>o  plnood  Wow  it  vratio  iron  fill 
oro  KT>rinkIi>d  lightly  from  ft  pcpper-cft8t«r  upon  the  glww,  wb 
hIiouU  bo  vibrated  hy  tapping  gontly :  it  18  bci»t  to  mako  tho 
filinza  from  a  soft  iron  bar  wiUi  a  rathor  ooarso  filo,  na  they 
ougbt  to  bo  of  good  iron,  not  with  ca^t  iron  or  stocl  mixvcl.     if 
tho  glass  is  coated  with  a  film  of  paraffin  wax,  tins  linos  can  bo 
fixou  by  wanning  tJio  gloM. 

956.  It  should  bo  remomboird  that  the  cnrvos  of  filings  Ao  not 
ropTOseat  the  lines  of  forco  really  existing  in  spaco,  bocknso  tii» 
prannco  of  iron  concoDtratoe  tho  field  ;  tho  filings  bocomin^;  an  — 
uriDatuTo  tu  tho  magnot.  The  real  lines  in  space  may  bo  traof^H 
out  liy  a  Toryaliurt  magnet  neoJlo  frL>ely  buspemJod:  this  pl*^^H 
ilsi-lf  on  tho  lines  cxietrng  at  any  spot,  or  mon>  oorroctly,  tan« 
gontially  to  thorn,  as  thoy  arc  cun-cs. 

957.  Besides  tho  eoncrcto  concoptions  which  fix  ideas  it  ii 
nowssary  to  nse  tho  abstractions  which  the  mathomatici-ina  l»ave 
deSDeil,in  onler  to undentand  what  knowledge  has  been  gained, 
and  tlio  aoceplod  symbols  oonn«cted  with  tho  C  G  S  «>-Bt«n),  In 
order  to  apply  that  knowledge  to  practical  parpiw.«.  and  a  oon< 
oiso  doacnpttou  will  bo  a  naufu)  introdnction  to  tho  applications 
of  olootro-magnetism.  'I'ho  most  important  symbolB  to  bo  usod 
aro:— 

H     IntonsitTOf  magnfitixingforcc.  Theiiamborof"  linos" 
p(.T  sonaro  centimotrc  in  air. 
liitvinal  luagnotism;  niaguctic  induction  :  perm  oat  ion  ; 
number  of  "  lines  "  per  sqiiar«  contimvlro  within  a 
magnet. 
Permeability :  magnetic  oopnoity. 
Belnctancc,  reciprocal  of  porm«anco. 
Total  oumbw  of  lines,  magnotio  flux,  analoguo  of 

ourrent.    . 
Intensity  of  magnetism:  immbor  of  lines  per  eiuaro 
centimetre,  monwnt  per  cabio  oentimotre. 
Cn  Ampere  turoM 
A     Area  of  section. 

4  IT  ratio  of  snrfaooora  sphere  to  thfl  diameter. 
9^8.  There  it<  a  tendency  to  compare  magnetism  with  elec- 
tricity, and  to  set  up  ideas  and  formola  in  magnetism  similari 
to  those  of  Ohm.  For  some  reasons  this  hasa  prsotioal  advantage 
nnitod  to  a  moat  serious  diwidvantage :  that  is,  some  use  may  bi 
mode  of  the  idea  in  designing  dynamos,  Ac,  but  tlie  idea  itsol 
is  falra  and  therefore  snro  to  mislead.  Tliere  is  nothing  h 
majptellmi  anaiogout  to  Ike  ctarent  in  tloelricitif.  People  itMccn 
that  then  itf,but  ignore  this  fundamental  dislinotiou,  mai/ndti 
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txpetid*  no  etury}/  cmd  atrtfiU  does.  Energy  ia  expended  lu  f  ro- 
daoing  magnetiem,  and  in  doing  work  hy  it,  but  not  in  nuiia* 
tAining  the  nagnotic  eUto :  the  proof  ia  that  the  reeistaiicQ  of 
an  electro-magnet  wii-e  is  the  mme  (after  the  Gnt  produoUun) 
whoLkor  the  iron  bo  in  the  core  or  not;  tho  onerny  ia  wholly 
employed  in  maintaining  eurmii,  none  in  suatAiuing  tlio 
magnetism. 

9^9.  There  is,  liowever,  a  true  electric  analogue,  in  tJie  chirso 
of  a  condenser:  di-eleotric capacity  (penuittunoe  Mr.  0.  Heavi- 
nido  calUt  it)  aud  magnetic  capacity  or  permeability  are  tnity 
coiniuiratite,  while  oondnotiTity  ia  of  an  entirely  dilToroiit  order. 
Ut^ucliiim,  like  charge,  ia  a  elrcst  which  ttUtrm  onoi^-,  canont 
is  a  ^ux  which  expends  euer^-  coutiuuuunly.  Stilt  a  true 
maffnftic  eirenU  exists,  because  magnetism  conaislti  in  closed  linm 
uf  ^lreBS,  as  does  tho  inductive  circuit. 

9C0.  Magnelitinjf  force  H  isthoieforefi«qtientlycullvdmayiMto- 
moltM  force  aud  in  tho  C  G  S  system  it  is  40  n-  x  C  n=  ti^&6 
multiplied  by  current  turns  for  one  square  centimetre.  It  is 
tlie  power  of  producing  n  Unee  in  air ;  in  tho  ordinary  u»it:i, 
urcu  aud  length  being  in  centimetres,  it  is  for  rings, 
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961,  Xnfemol  ma^itfiitm  B,  is  the  numlMrof  lines  per  square 
centimetre  section  of  tho  magtictit  or  B  =  f  X  H  :  its  maximilil) 
is  at  the  middle  section  wlioro  iklt  tho  tinea  may  be  conmlered  lo 
originate  in  ooch  direction.  (See  Icnkwo.)  Mr.  Kapp  introduced 
a  compound  unit  of  number  of  C  0  b  Uum  per  miuikro  inch ; 
some  of  tho  data  may  bo  given  In  this  ooinjxiund  but  it  is  not 
usc.'d  in  tho  formnbe  to aroitl  oonfesion.  B  =^  47  |  4-  H  (or  — 
H)  and  all  itslinc*  pass  oat  of  the  magnet  into  tJie  ourveo  of  tho 


963.  Permtahililg  a  is  based  on  the  magnetio  oapncity  of  air 
=  I :  that  of  all  ordiiiaiy  para-magnotio  substance*  uoopt  tho 
magnetic  metals  is  also  olosely  ),  while  that  of  dia*magnotio 
substances  is  —  i,  but  only  alightly  soj  ^  =  B  -^  H  and  is 
measured  by  the  onmbcr  of  linos  which  unit  H  pruducce  in  a 
sqnare  oentimetio  lootiou  of  tho  snbstanoei    (Seo  satuntioD.) 

96;.  Permtanee  shonld  correspond  to  oooductaDoo  and  so 
rcprti'seut  tho  total  lines  of  a  system,  as  permoabilily  does  those 
ofunitsrea:  batthe  word  is  used  somewhat  iude&nitoly.  Tho 
presenoeof  ironncaramagnot,orisitshighe«t  fonu,  tbcpUciug 
tho  armature  on  a  horsusnoe  electro-magnet  incrcosus  tho  pt-r- 
mettnea  of  the  oircoit,  tlie  nnmbcr  of  Hnts  B  ia  the  iron,  though 


It  (loca  not  aJluut  11x6  permeabUilg  of  tho  iron ;  it  it  G^jiiivaletit  to 
reduoing  ihu  rcMintiiiico  in  oloctrioity. 

964.  ifutnlitfr  of  linti  N  TuprcMrntH  tho  total  mni^iiotisiii 
npro80ntvd  by  tho  linut,  ub  B  ropruKcnts  tho  linos  p«r  ami 
Area,  uid  oorrcKponds  in  tho  niugnotic  cirouit  to  oorrcnt  b 
Ohiu'a  formuliD. 


I 


Magnetic  flax  ^  Magneto  motivo  foroa 
Rulnctanco 


or 
Total  linos 

965.  RrfuctanM  is  Mr.  0.  IleavisidoV  nomo,  now  pnttf 
gononlly  ttscd  for  tho  analogno  of  olootric  rciii«tanco,  aud  likn 
tlial  it  i«  a  mon-  inveiUion,  tbo  redprocal  oi pemtanee.  It  ia 
bvcn  loss  «  real  thin;;  thnn  t!io  ariilicial  electric  rMiatauoe,  ta 
thnt  is  roally  meaauroJ  and  counted  (thongh  tinly  as  oondnoton), 
nnd  by  it  too  recogiiiito  tho  reality,  tho  oondactaiiryt:  but  in 
maguotism  it  ia  the  ponneaLility  olono  timt  wc  moasart*,  onil 
then  manufiictiiro  ita  reciprocal  into  a  ftincltrin  which  hiw  iu> 
real  existciico,  merely  to  (pit  Bomotbing  liko  Ohin'a  furmuls 
in  magootjo  calculatloua.  Many  pcoplo  even  OdU  it  niAgnDtie 
reiiilanct.     I  havo  imod  R  ua  itn  iiymbol. 

966.  Tho  iiioii  of  muatanoci  is  useful,  however,  in  eoiiBidoring 
tho  effect  of  dialanuo,  or  air  iipaoo :  thu§  a  nicro  cut  across  a  hu 
of  iron  hoivovor  tmly  faced,  us  in  tho  jiinetiona  of  tho  ltg«  sml 
yokca  of  olectro-inngnets,  intiodnccs  a  rem*lanct  ceiiiivalttnt  to 
increnscid  length  of  iron:  but  this  is  a  true  reeiAtanco,  itnd 
unlike  thu  nrtificial  oloctnc  U,  it  varies  with  tho  intensity  of 
iiiiigtiutiHrii,  ia  important  willi  low  furciu,  and  bccoDHB  iuHig- 
nific^it  in  very  strong  niagiiotti. 

9G7.  Inlamtg  of  mxQnetitm  I,  is  tJi©  utiitiber  of  lines  por  sf^uaro 
ooutiuctro  at  any  section  of  tho  magnet  or  field,  it  cormpondt 
to  "density  of  onrrcnt"  Unit  I  is  thevoforo  related  In  tho  con- 
ventional "  lino"  08  if  it  occnjiiod  1  e>|unro  oontimetrc,  and  If 
iiIko  the  unit  "  moment  per  cubic  ocntimotni." 

968.     A  line  0/  force  is  a  pnro  convcnlian  neoe»iar>'  to  [jiv 
doDnitcni.'!ui  in  ciitoutnti<>»  to  our  eoncf^ptions.     Wo  aoe  tho  litic 
or  ciirvoii  pruduei-d  liy  iron  filiiigM,  niid  tboy  allow  ws  a  eonditioi 
wtiiuh  ruolly  oxL>t  in  ki>uc6,  hut  tJiMu-  liuea  are  not  tho  lines 
thu  furniulo),  uor  do  tlio  linen  ihomsclvos  exist  in  spaeo:  th 
urn  pTodiioed  liy  the  filiugSi,  and  vary  with   their  finenei 
But  in  truth  thu  wholo  space  is  filled  with  tbo  power  vhf 
the  lines  exhibit  to  us.     Therefore  some  profer  to  speak 
"  tubes  of  foreo  "  rather  than  lines.    The  action  betwoeo 
unit  pole«,  §  I  ;o,  i  oontimetro  niAtt,  represents  tho  unit  liii 

$£9.  8ataraii<m  is  tho  oompleto  satisfying  of  tho  magnc 
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npaoi^ :  if  wo  adopt  Kwiti{;'«  Uuiory  thiit  luagnetimtion  la  tlie 
longing  <n  poUr  onl«T  of  iilnuuly  cxintiDg  nugtictic  partiol«a. 
Maturation  in  tho  puiut  nt  wliicli  all  tlic  {Mrtiole*  aro  raiigod  in 
Qrdvr  ftnd  no  aiiaoA  f»roo  can  incruaM  Uivir  nnmbor.  If  wa 
oonotivn  magnobt  ut  vompovwl  of  molRoiitua  or  groupo,  S  943, 
upun  whicli  a  Kpt-cinl  condition  ia  itKlnotxI  f»r  the  time  D^ 
■tMorbod  vncrgy,  tli«D  ntumtiun  w  tlic  point  at  whiob  tliu 
prooaaa  i«  cimiplutvd. 

970.  liyiiichovvr  may  bv  the  nicxlc,  tho  prooow  iH  gndual  and 
depeodoDt  upon  tlio  Hpocifiu  |iTu{Mu-d«ai  of  tho  auljMtiuioo,  anil 
powil)1y  is  avv«r  fully  conipltrtml ;  what  wo  nMlly  deal  with  ia 
tbo  limit  at  which,  for  anv  HabaUinoc,  Ihi:  iiivTiwaLi  of  nagnotism 
try  n<l(UHl  [mwiir  ia  «o  amall  a»  nut  to  W  worth  cfftfding:  this  is 
the  practiunl  limit  of  ponnoaliitity.  In  Ku"d  K>ft  iron  B  may 
ri«B  to  ao,00o  pvr  *quan>  coiitiniutn:,  and  ia  cant  iion  tu  1 1,000, 
Half  thoHu  fignrcs,  or  aay  6].ooo  pi^r  m^uare  inch  fur  wrought 
iron  and  j5>ooo  for  cast,  in  n  gorxl  pnwtiiul  rangvL 
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Miti*  metal,  which  is  wrought  iron  oontatuiug  aliiminiuui, 
which  rend«re  it  fusible,  lio«  kctwceD  caet  mud  wrouKht  Iron, 
while  fltael  containing  ninngancfie  is  oompletcly  non-niaguetio. 

971.  CitrKof  ma'jntfitation:  the  factsare  best  shown  in  onrvca, 
of  which  I-'ig  78  shown  wsToral :  i  is  that  of  very  pure  soft  iron ; 
a,  oast  iron ;  ).  soU  st«el ;  4,  vvrr  hard  steel.  The  dotted  line 
ebows  what  would  bo  the  line  if  B  grew  eqaallr  with  H- 

97).  IlvitcTftis. — This  is  the  name  given  to  the  energy  lost  lu 
I  DMgnetizing  and  domagnetixing.  It  l«  strictly  due  to  residual 
I  BMgnotism  (tiroek.tolag  behind),  the  tendency  of  the  particles 
F  not  to  return  to  the  Don-tan^^netic  atato.  If  a  second  curve  be 
L  formed  na  in  Fig.  78  by  gradually  lowering  tho  mafmetlzing 
I  foroe,  it  will  1>o  lower  tWi  the  rising  curve,  and  the  spaoe 
I  boiw^en  thcui  niiMsures  the  retained  imcrgy.  ThiB  is  a  moat 
I      important  matter  in  connection  with  altemutiug  cairen'  n^p^a^ 


i&U 


KLBCTBO-MiOSETtSM. 


t97J- 


nttufl,  tnuisformen.  Sic.,  u  it  b  raUted  to  the  "  froqnoDor 
the  ohauMS,  And  is  higber  in  proporttou  with  incrvaBo  g* 
uetisiD.    The  wattled  titergy  ftppesn  m  heat  io  tbe  iron. 

97].  Foueauil  evrnnlt,  <»Ilea  also  tddg  oorronte.  Also  bc«t  tim 
iron,  and  are  often  omfViaed  with  bjvteresiB.  Tbo^  con  be 
oorreoted  hy  dividing  tbe  metal  so  a»  to  prevent  electnc  ctim-nt 
forming :  but  lij'Hterwia  depends  on  the  qnalily  of  the  metal,  and 
alflo  iiinreoBce  with  length  and  all  the  conditions  which  tend  to 
retAiu  magnetiant 

974.  Vwcotiti)  is  tho  name  given  by  ProfeBBor  Gwing  to  the 
theoretical  cuuae  of  bystcresiB  manil'eeted  bya  slow  growth  of 
magnetiain,  vritli  a  steady  ouriviit ;  il  ia  a  familiar  fact  that  to 
Btarl »  moltoD  takt-H  more  energy  than  to  maintain  it ;  bore  it 
in  euppoaed  tlial  the  partioles  olin;^  to)^tker:  iu(>rt4a  may  be 
tiufiicientwitJiont  tbo  added  oonoejitiou  of  cling,  it  coomm  the 
flatni-Kti  iif  the  oirve  of  B  with  email  H  force :  Ttbratioi),  «aA 
M  li/htly  ta[)ping,  facilitatee  magnetising  and  demagnetixing 
liy  diHturbiDg  tlic  cling,  or  inertia. 

97«.  Lai)  u  n  hurii;  wveu  to  many  forms  of  the  eSeots  of 
inortia,  or  retardation :  it  is  the  physical  or  moleculAT  prooon 
whiuh  is  the  cauM  of  hyttcrctiU.  It  is  evitli>nt  (hat  an  offeot 
niHst  alwftyH  /oUoie  a/lrr  its  cause,  even  tbonKh  the  intvrTal 
ma}'  \»  iuapprvcialilu ;  thux  oarrent  must  fol&w  K  M  F,  aud 
whore  thusu  Uttvr  are  vuriolilv  aud  ctm  be  drawn  as  citrv<^M,  the 
orost  of  tbf  oiirve  (if  £!  M  F  wutit  always  precede  that  of  0.  8a 
the  magnelium  In  a  moving  armature  follows  after  the  ourre  o{ 
H  or  force  in  the  field.  This  also  controls  the  position  of  th» 
brrishna  in  dynamo  ma«hinu»  or  mottrni. 

976.  Pliate  is  »  term  given  to  the  rvsult  of  this  "  log,"  which 
may  he  oontrotlod  to  prodnue  desired  eflbols:  thus,  if  an 
induced  Hold,  as  an  nrmaturo  or  a  current,  ns  shown  in  a  onrvo, 
foUowe  ^at  of  Iho  inducer, thtir  "phiiees"aiVBaid  tod■ffer,flav 
by  90*°  when  the  "lag"  is  that  of  aquartcr  of  the  interval.  It 
is  by  vac  of  this  that  the  problem  of  altomating  oorrent  motors 
is  being  attacked. 

977.  Lralage  in  magnetism  m«aM  the  nosasge  of  lines  olse- 
whire  than  ill  iho  UM'ml  iield :  thus  in  t''ig.  1^,  p.  8],  all  the 
linen  of  filings  Iwtweon  N  and  S  aT9  leakage  lines  becanso  tho 
thoorctical  magnet  ought  to  exert  all  its  force  from  its  iwleB ; 
therefore  the  smaller  the  airspace  of  the  true  or  usefnl  field  th« 
less  llie  waste  in  leakage.  In  a  horarehoe  magnet,  the  perfect 
form  ia  a  diole  with  field  spaoo  cut  out  of  it  and  its  sutfuM 
spread  out,  as  in  the  boms  of  a  dynamo,  to  enclose  tho  workini 
SoM,  or  armature :  the  v^mcht  the  arms  are  kept  together  lengtb 
wise,  tho  greater  tUoWVftft^. 


981.]  TRICTITK   AXD  ATTRAOnVE  FORCK.  467 

978.  Ifagnotiitni  i»  thoMmuthmginponnaiMintatidinelecttio- 
nmgnots,  aud  tlio  wuDt)  Uvw  ft]>ply;  out  tlioro  u«  diftcivnocn 
wlitpli  must  not  ho  OToriooltod  :  in  »  sttol  nugDct  iho  intomnl 
fomtxor  line*  Arc  u  &x<A  unurant ;  alkirini;  tho  circuit,  as  by 
mnuw  of  an  ftnuntiire.  clmn^-^  tlit-  iUHtnt)ntio&  bat  not  tlio 
valuo  of  B-  But  in  lut  iiltKitni'iuagUDt  tho  force,  the  vnlno  of 
B  itaolf,  v«rtni  hv  obiUigiM  of  tlte  ir»ii  cdronit,  f  q6)  ;  thuH  tho 
koldioi;  powi^r  ot%ti  electto-nugnet  would  be  mucn  groator  than 
that  01*  Ktoel  oDOofthetfamesh&iMftDd  weight  of  iron,  althongh 
tfaoy  migltt  be  mi  omnged  tui  to  hftve  ciiuiil  uction  at  m  HmnU 
distance. 

979.  Thaw  two  functions,  holding  aod  drawing  (oalloil  trnvtive 
ftnd  attractive  fonixi),  are  quite  distinct,  and  depuiu!  on  diflvmnt 
ktrangoineiit.  Short  uiaguets  may  give  holiltiig  imwur,  but 
leugth  of  iron  is  raqaired  to  drivo  the  Ituua  to  a  dintAUM,  and 
i  141  L-xpIaina  the  efieots  of  polar  dislauc«.  Joule  contnurta  a 
steel  and  electro-msgnet. 

Steol  otio  nttractud  3)  grains,  lift^  60  otincxM. 
Blootro  ODO     „        ; '  >     »  '>     93      ,. 

For  holding  power  the  polar  mirtnco  in  the  cHsuntial  ooiisidera- 
lion,  or  in  otnor  worda  tao  cruM  sectdon  of  the  iron.  Joule  made 
electi'o-magnetfl  carrying  17;  lb.  per  nqtiaro  inch,  and  Shelfor) 
Bidwoll  has  g»ne  »s  far  m  11;  lb.,  but  it  is  bad  eooDomy  to 
go  beyond  150  lb.  for  wrought  iron, or  18  lb.  forcast  iron.  This 
fanetion  is  t bo  starting  poiut  in  diwigning magnets,  as  tbeotWr 
qaeatione  arc,  how  to  produce  tbin  limiting  effect? 

980.  Eli^.tim  MAUSRT3. — TheHu  luuHt  bo  ooiibidered  aa  cun- 
BEBling  of  distinct  eloraints  or  partN,  4Mch  havinf;  its  own 
particular  ftinctioiin  or  laws  to  Iw  (isaniinod  apart  &x»m  the 
othi.TR,  whilu  the  «um  iif  tlio  uffucta  is  duo  to  the  combination 
of  those  tor  the  uliiiinit  mutual  notion.  Theao  constituents  are 
(i)  tho  iron  ;  (a)  th«  wini ;  (j)  tho  current. 

The  \Tua  pi>rti<in  in  diviHiblti  into  (i)  tbe  oore,  the  part  upon 
which  tho  wire  in  wound,  which  in  a  stnight  bar  iit  the  whole 
of  whnt  iit  usually  cullit]  the  "  mi^ciiet "  ;  in  a  bontenhoo,  this 
is  dividwl  into  two  purta  uiUed  the  <irin«  of  the  magnet ;  (i)  the 
b<U9  or  piooo  connecting  the  two  anna,  uxually  oalTod  the  yolv ; 
())  tho  armatart,  whioh  is  truly  a  part  of  tho  mnguot,  tliougn  not 
nvnallyconsiderod  as  nueh :  it  ih  the  agent  in,  and  by  which  the 
magnntio  force  in  inauif<.-Ht(.-d ;  tbna  the  moving  part  of  a  dynamo 
is  culhid  its  arnialure,  bi.-L'nuHe  it  is  arranged  to  atilii»  the  linea 
of  the  field  butwucn  the  puk^s  of  the  fiold-ptoducing  magneto. 

981.  A  atrai^ht  core  equally  coveretl  with  wire  thiougboul 
its  length  is  equaUy  magnetized  throughout,  exoept  for  leakoKe : 
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iu  two  end*  will  be  cqiifti  jmtctt,  unil  wtmld  lid  tho  nine  weight. 
Bui  if  tlio  wire  >M  ooiiwntmU-tl  at  i^u  eiiA,  Hut  wire  ia  uo  louger 
«>]ii*]l^  magnoti&ad ;  it*  nvutnj  [raint  will  bo  broQEbt  nearer  Ut 
tlie  vrinA  end  inatcod  of  kt  tlto  middle :  u  Ktrong  pole  and  deitae 
tii^ld  will  W  jinKtuotxl  kt  one  end,  and  a  weaker  pole  and  more 
diffuood  licld  at  tliv  otbcr  end :  tJiv  two  vndtt  will  no  longer  liold 
ttie  Mine  weight,  bocaum  the  ume  number  of  tinea  of  foroe  will 
no  longer  entor  the  maw  of  iron  to  bo  attTdot«:d. 

The  in'rB  i»  K'Kt  dintributod  ovur  tlio  whole  oore  when 
ateady  field  i»  ruquirod :  bat  whoro  (]ui(:k  cbangua  are  deair«d 
the  mre  ooit  aliould  bo  ounoontmtMl  nivtr  Uie  endji. 

9S3.  A  lioractHhoo  maKiiot  i«  aiinply  u  bar  luiignet  tiiniod  np 
to  aa  to  bring  ita  i-ndn  into  Iho  wmu  plitn» :  tho  tlrcnifth  0/  & 
polei  is  not  altttrod  liy  thiH,  but  their  U/ling  poieer  im  gnwtlr 
inoreaaed,  and  tho  penaeanee  bc'ing  grvator,  tlio  magnetism  ana 
iilreng;tli  of  the  poU»  would  inoroaao  in  an  olcotro-magiiet, 
I  979. 

98).  The  iron  core  n  the  bwiia  of  all  the  oon«lcIerationH :  the 
Ural  oonoidoimtion  i»  the  work  the  magnet  is  intended  for,  and 
thia  meana  either  1,  tltu  null  it  can  oxert  on  an  armaturo,  ita 
traetivt  foroo ;  3,  the  pull  it  con  oxort  on  »  distant  aniiature.  its 
ntrmi-fiM  forco ;  or  },  tho  naturo  of  tho  faid  it  i»  intouded  to 
jiroduoti. 

9B4.  Tho  law  0/ IrofiivH  ita  doRnod  by  C'lork  Maxwvll  in 

P  {dyuea)  =  ~ — ,  or  P  (grauiuies)  = 


8»'"  *  "> ''      8rX98i' 

or  expreaaed  in  Puunda 

Ptlb8.)  = 


B'A 


Ii,i8).000 

Thv  luyntic  ^.ir  whioh  appeorB  oonBlantly  in  fonuuln  is  reqiiin^d 
only  bcmnw  of  the  old  theory  of  "  polea,"  tho  notion  that 
miigtiutic  force  acts  from  a  [mint,  and  nccordiug  to  the  law  of 
H<|Uaro» ;  thoso  ideas  are  erroneoua  or  pnrely  oonventioiial,  bnt 
underlie  the  ('Gfj  unit  Etystem:  Bw  appears  here  bi-canse  in 
u  hornOHhoo  thero  are  two  polaa. 

98$.  But  a  well-cloaed  horaadioe  oloaely  resembles  a  ring.  au<^ 
almost  all  its  linos  enter  ihe  armature,  so  that  B  and  N  ar4i 
practically  equal,  so  the  real  meaning  ts  that  aUraetwn  u  pro: 
portional  to  A9  »tjaare  0/  As  number  of  line*  eaUrxw}  ih/i  armalurt, 
theSB  <l«pending,  t.  on  the  ftiroe  H,  or  amnero  tuniH  C  a  ;  and  l| 
on  A  the  area,  as  wi-ll  ai  on  tho  iwnnMbUity. 
g$6.  The  liuB  0/  aUTtution  hiui  not  W-n  defined.  The  oU 
notion  of  inrerse  EM\uacQ  ni  fM\xaaa  Xa  vk^^^^uA^^  vt^t,  and  ao 
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oati  ii|ij)«nni  tn  hnvo  j-ot  fouml  n  diibititutc  It  will  not  bo 
eney  to  put  oiw!  intn  «  fomiiU,  bwt,  wo  tnaiy  hero  ace  that  the 
bota  on  wliic^h  Kiioh  a  fonnal*  tniint  Ixt  huaml  nro  very  simple, 
tiioufch  OmiMmntty  ntiw  in4i<«tod  fnr  ttin  Iti^t  timo. 

987.  TVurfj'on  anii  alirnftion  iHm-.^  tkr.  iMnwi  laie ,-  lioth  an?  nilat«cl 
to  tht-  n«infc<-r  o/  /in<*  icliich  fan  cntrr  Ihf.  rtrmn/ur#.  It  is,  u  is 
bogifiniDg  t»  bv  KMiurnll y  jxirocivtH), «  qiuwiinn  nf  tho  pormcAnco 
or  reaistAnM  of  mc  pAtlm  open  for  thu  fonDstiunof  "line*,"  anil 
thenfora  mainlT  of  air  «p«oo  or  dixlnnco  of  tho  annutnra,  m 
eoiapared  with  CicilitiM  for  hmkagii  Iiimm,  j  077. 

Wo  hav6  hovu  B  fronh  ovidanctt  of  the^jxtuitinn  of  ctiprgy  !<> 
iiiagn«tuim  unil  clpctrictty,  for  N'  i»  thv  aoalogno  of  C  th«  work 
power  of  a  current. 

988.  ll  la  «4uj  to  t4»t  the  nnmbor  of  linca  which  «iitoT  ati 
■miataro  in  any  poaiUoo  by  in<.-nnK  of  an  «:xpli>ring  coil  of  wire 
of  known  numliur  of  turns  coun«otvd  to  a  h^lialio  galvanotauler. 
S  }74.  Whan  the  current  in  the  m^^t  eeaau,  or  the  amiatart? 
is  suddenly  pullml  awny,  tiie  eurreiit  induced  io  the  coil  ia  a 
foeasure  of  the  niitiiliur  of  lima*  if  tlie  galTsnomeler  is  fint 
stand&rdiiod. 

A  atmiUr  prooess  meaauros  tho  diatributiou  of  the  lines  in  a 
steel  ma^inet  by  the  applioation  or  removal  of  the  armature :  tho 
carroat  la  (fueateat  at  tbe  middlu  of  a  bar  or  the  bend  of  a  horae- 
ahoe,  because  there  all  tho  Un«T!i  paM  throu^-h  the  ooil,  |  961. 

9S9.  A  tKrm«amet«r  for  tc«ting  the  quaiity  of  different  irons 
ORB  M  maae  in  the  same  way :  tiiu  iiDua  to  bo  tested  being  all 
tnmed  to  the  same  dimeuaioiiH,  and  naed  as  cores  to  a  small 
indaclion  ooil  conneoted  to  the  K'^'*'>nomcter,  and  comparing 
tbe  detlectiuua  produced  by  a  standard  cnrrvut.  For  UAting 
the  total  capacity  of  iron,  roon;  elaborate  innti'iimontxaronoodoa, 
like  those  of  Uopkinsou  and  Thompson,  which  nro  inlnnded  to 
secure  the  ntmoat  "  permeanoo "  in  tho  iron  by  tnoano  of  a 
dosed  magnetic  circnit :  but  for  practical  purpuem  only  tb» 
relative  permeance  is  reqnired  as  compared  with  that  of  a 
rimilar  piooe  of  tho  very  best  iron  obtainable,  which  in  the 
softest  Swedish  charcoal  iron. 

Curves  corresponding  to  those  of  Fig.  78  can  also  be  obtained 
by  varying  tho  primary  current. 

9ga  CONsrsucrioK.— The  tirst  con  si  deration  is  Uio  fi>ro©  to  be 
cxortoil  or  field  produced,  i.  c.  N  the  nnmhor  of  liiii.-ii  to  isme 
from  iIm  endn,  S  979,  and  this  is  simply  a  fiinutJun  of  A,  3  9«. 
the  sectional  area,  not  merely  of  the  jmlar  faces  from  whiM 
thoy  iii*iii!,  and  which  are  often  oxpandiHl  into  "  jialo-pieoes  "  to 
dirwrl  tho  liniw,  hut  of  the  eon;  it  dcpcmla  u[>on,  A  tliearea,and 
fi  the  pvnneability  of  the  specific  iron  ntwl- 
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991.  Ltnglk  ^  oott  dG]>eiidii  upon  the  aptce  ncodod  for 
wiudlag  no  Uiu  wire  neoeasu^  to  devclup  the  mngnotic  power; 
this  apace  mnj-  In-  obtained  eilbiu-  bj'  leugthening  tb«  oont  or 
)>.v  iiii:RiMing  tbe  deptli  of  the   wire  apace— an  approximfttv 

tiropoition  iti  tliat  the  leuglli  ahuuld  bo  about  six  diunotcn ; 
lut  ib6  l«ngtb  depends  also  ou  tiie  form  of  the  field  rcqntrod : 
for  lui-re  holding  power  ^ort  corce  with  large  curranU  ai« 
bb&t ;  for  action  at  a  diatauoe,  toug«r  cores,  becanso  euvli  aooiion. 
like  a  buttery,  adds  power  (o  overootne  resiatanoe.  S  9S4- 

(M2.  BcUov  tt>rf*  are  as  efiective  aa  solid  metal,  provided  tbo 
shell  is  sufficient  to  absorb  the  uiagoetio  action  of  tlte  onrrenti 
bat  the  ends  must  be  closed  with  aa  iron  ping  of  at  loMrt  equal 
thickness.  The  best  oonstrwitiou  is  to  bore  out  the  core  to  the 
requiri^d  diiueneions.and  then  slit  it  leogthwiso  down  onw  side 
to  prevent  the  formation  of  induced  or  Foucaolt  currenta  when 
the  ma^etic  stato  changes. 

390).    The  magnttitiny  force  required,  S  9€o,  dopoada  on  the 
U'lity  of  iron,  as  unit  H  is  based  on  the  permeance  of  air; 
icrefore  it  will  be  N  -r-  r^  and  ihe  queetion  is  imAy  what  6  n 
(ampere  turns)  will  furnish  this? 

994.  The  jii'jgnetii:  tirenglh  IB  propoitionalloJJbaineHt  passing, 
and  to  the  ntimher  0/  lum*  uf  wire,  thai  is  to  C  n.  subject  tu  the 
Gonditious  of  i  971,  that  isi  while  matcuvtiaui  remains  iiropor- 
tional  to  ourrent.  Thus  the  same  uiai^etic  cfibct  may  lio  obtAiii<.-d 
fmm  a  few  turns  of  wire  and  largo  current,  or  a  small  current 
aud  many  tutnti,  sd  long  sh  tliu  pr^>diict  uf  current  and  number 
of  turns  amounU  tu  the  iMmu  in  "  nnijit-rc-tuntH." 

This  is  MO  bdcHUHu  tlio  same  envrgj'  in  oouvcj'ud  by  the  wire 
With  a  given  weight  of  metal  iliu  nwibtauce  ih  iw  the  sciuare  of 
the  length,  i.e.  as  the  number  uf  tuntit  it  can  make.  Current 
is  inToroely  as  this  number;  therefore  if  we  tmvo  1  imiperu 
in  100  turns  of  I  ohm  R,  the  enoigy  by  C  x  R  ^  ■  joule, 
then  1000  turns  would  have  too  R.  and  the  rnrrcnt  being 
■  I  we  have  ■  1*  x  100  =  1  joule  as  before.  Flore  wo  pioO  tliat 
magnetism  is  a  fimolion  of  cnergj* ;  it  is  generated  by  energy 
obserfrfd,  and  foUuwa  the  law  of  energy  expendtd  by  the 
current. 

905.  Eptti/  s^om  prorfueM  e^al  effiet  in  a  dosed  ring,  and 
subject  to  remarks,  S  ^1,  may  bo  said  to  do  so  iuatl  magnets, 
where  the  wnste  of  lines  Uirough  the  air  epooe  is  small.  In 
oiher  words,  the  magnetising  effect  of  a  tnm  is  independent  ot 
its  diameter:  this  is  eunily  understood  when  we  consider  tliat, 
the  Jongtb  of  tbe  acting  ourrent  increases  as  its  diatanoo  doen, 
aud  cite  »tAtement  imiiUcii  \VukV  <1u«i  carrant  is  win*}  in  IwtU 
OBM*.        Of  course  tllwUnjut  B\.\tWaSw  i(p».\>;'\  xy«»»j,v.»  i»aA 
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M])end  jiroportioDal  E  U  F  or  energy :  Ui(irefore  lb«  tliickaesB 
«r  the  helix  should  bu  kept  as  Buiall  as  {toaublei. 

996.  Amptrt  lurm  rttjnir^'I. — Tiiis  briiijj;H  us  b«ok  to  Uie  ooo* 
«e|>tiim  of  the  iitaj{uc-tic-  oJrcuit,  £  958 :  aiii)ier«  turns  (jenerftte 
H  or  u&i;ui!ti>- motive  force.  S  ^£0,  sua  Uierefut^  rejiUoe  the  E  of 
canemt  furmuln,  though  H  in  the  n.>a!  ai)alo;;ue  of  E.  juat  as 
N  leplaoefl  ourreut  C,  a»<t  rL-tut^tance  R,  §  ^i^,  corri»))ouds  to 
reeuitanoe,  «ud  iJtetvforo  H  =  N  X  R- 

997.  But  )ii>w  are  we  to  get  thu  value  of  R  ?  we  have  no 
nnitit,  like  llie  ohin,  to  kalanoe  it  agaioAt :  it  oau  ouly  be 
oelculated  frum  tlte  jienixMitGe  of  th«  drouit,  S9S) ;  this  ia  only 
(0  be  oalonlatisl  fruin  Uie  penneabUitv  of  the  several  jMirta  of  the 
magnetio  circuit,  that  b,  it  ia  for  each  part,  p  x  A  -^  i  (length), 
tkeaamelawaa  that  of  ooDduotor«,9475.  This  is  simple  enough 
as  r«gards  the  iron  portion,  but  not  so  as  regards  the  air  spaoee, 
whuro  fi  =  I.  but  A  ia  not  very  eoay  to  eetimate,  uolesa  the  air 
6pao«  be  verv  small. 

998.  But  naTing  eetiinat«d  R  either  as  the  reciprocal  of  the 
tow  penuetuioe  or,  directly,  by  inverting  the  formula  to  I  -i-  A  fi 
for  each  part,  and  adding  thou  toother,  H  being  N  R,  then  by, 
{960,0  n  =  H  X  '-i-  i'aj£{^f  boLDg  langtli  of  the  maj^uet  iu 
oentimetree.  The  diviaion  of  amjperfls  and  turna  is  then  oon- 
troSled  by  the  general  oouditions  of  the  oircuil,  £}  100)  and  io3). 

909.  A  helix  ia  simply  a  tpace  weusurable  in  cubic  inobes,  or 
in  tbe  case  of  oironlar  omls  in  cyliudrioal  inches. 

The  area  is  meaatired,  awl  in  circles  is  as  tlie  siguare  of  tlw 
extreme  diameter,  less  the  Hquare  of  the  inner  diameter,  and 
multiplied  by  the  length,  givvs  the  tfptm  iu  the  measure 
desired,  as  in  the  case  of  wires,  $  ^^^ :  in  fact  we  may  regard 
the  helii  for  the  moment  as  a  bar  ol  copper  of  which  we  obtain 
tbo  w«ight  by  multiplying  by 
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percubic  inch  1147  grains,  Log.  }'}5t€o)t 
„   cylind.  „     1765        „        „     j-1467447 


I 


h 


1000.  From  tliis  a  il«duction  has  to  bo  made  for  sjiaoe  between 
the  wirvs  and  for  thv  innulating  materia),  which  will  vary  with 
each  mako.  The  but  plan  to  a»certain  the  actual  ratio  is  to 
make  a  mandril  with  reccax  sank  in  it,  of  i,  a,  or  i  inches 
length  fi>r  diOcrent  sixcd  wim;  wind  this  with  one  layer  of 
any  wirv  and  count  oxactly  tho  nnniber  of  turns  contained. 
Tli«  diameter  of  the  ban  inre  moasamd  or  calooiated.  f  ;4),  will 
give  th«  numlier  of  turns  it  would  give,  and  the  ratio  of  tbe«e 
nnmben  of  inms   will   roproaeat  thft  wgactt  txRuv^^  Vj  -^v* 


KL>(niio-iiAo:«rnaif. 


(loot. 


Sitk  coTerinB  is  more  T«gnUr  than  any  other,  and  I  haTe  ob- 
tainod  tlie  onrve  of  Fig.  7^  from  a  munber  of  exporimfl&tB,  a* 
an  approximation  to  the  ratio  of  the  weight  aotoally  oontaioed 
in  a  coil  to  that  of  the  solid  loetal,  i  95*,  which  of  course  is  Imi 
as  the  size  of  wire  decreases :  th«  height  trom  tlvo  lower  lioe  to 
the  curve  in  parts  of  ait  inch  will  (-ire  a  ratio  by  which  to 
multiply  the  solid  weicht  of  i  99^.  to  asoertain  the  notaal 
teeighl  of  meUii  in  the  eoil. 


1001.  Thi*  furmiilii,  Rirfti  l>y  I'rof.  S.  P.  ThompsoD  in  his 
instmotive  Cant'T  Led nn-M,  will  iilt>o  give  the  iDforinatioD, 

ohms  por  vubio  inch  =-^— — ^ 

il  Wng  the  diamet«r  of  the  bare  win,  and  D  that  of  the  oovotvd 
in  tn>Ir. 

looa.  WmE  RKQinuEn.— Thr  the  af  ttu  eoro  being  deleriuined 
W  S  991,  the  titii  0/  th:  hctix  follriwn  frum  fi  996,  and  the  'jaug^ 
of  vire  to  bo  ua«d  then  dfponds  upon  the  rtwintanoo  adapled  to 
Uie  conditions,  and  varion  with  the  natiiro  of  the  work. 

One  limiting  canaid<jrulion  in  th(>  iwrniiKiiibli!  heating  and 
ooDseqneDt  current  denHity  {  561 :  thu  hi^at,  as  a  general  rule, 
Bhonld  not  exoetsl  100°  Fahr,  ovttr  that  of  Kiirronndiiig  i(|inov. 

Th*>  tuitahU  ntiHatice  of  U\n  E.M.  is  defiiail  by  tlin  cunditiona 
of  nnrront  iiujii>ly,  tlio  g<!neral  mriitlancc  of  thv  oirouit,  and  the 
availatilu  G  M  F :  and  thosK  oonditiims  also  control  to  a  ooa-< 
biiddnilitft  dcgreu  tliv  tlticlcnom  of  the  helix. 

loo]-  Having  the  resirtaiMW  nqnired  to  bo  given,  and  tl 

ireJfffat  of  metal  at  diapoaal,  i^ktt  ia  the  woight  of  the  wii 

givtDff  the  detiired  mutKBc*,  «l  TVkl«<i(-thr«<>  som  giTOs  witigUf 

ta  to  7000  gruins  w  E  ia  to  ^m«  ys^  \«sBAv'»aA,«.  viV^tv-^vivn 
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Via.  so. 


to  the  Table,  p.  29a,  will  Bbow  the  suitable  size.    Or  tliu  nwy 
be  cftloolaied  rrom  tiM  oonstents  in  f  544. 

)4 1 5,615     _  jeatiare  of  area  in  mils 
oluua  per  lb.       (of  tbo  required  wire, 

1004.  ODRKm-n  iM  Maukktic  Fihiii^l — If  wo  ez&miDa  the 
MOtionji  upon  the  nolcoulm  of  a  condnotor  revolving  taaaag  the 
lln4«  of  Ciiw  of  ■  rna^ctic  firfd,  bm  "hown  in  Fig.  77,  S  954,  we 
shnll  aee  thivt  different  oRbct*  mny  1«»  iinticiimtwl  according  to 
the  direction  of  tlio  motion  ;  we  sh*ll  b<^  aidtKl  iu  examining  the 
efibots  if  WD  rt^nl  Fig.  7],  S  94;,  an  n  vcirticnl  oroes  section  of 
Fig.  77.  Tf  the  axis  of  nuitiiin  bv  in  the  centre)  lino,  N  8,  and 
the  niulifin  titken  pincv  in  thit  circh-M  of  Fig,  ^j,  the  tnolecnlee 
Stifler  no  rhnngn  of  prmitiiin  iik  n-giinlx  eithi>r  tooir  reUtion  to  S 
or  to  their  urnmgirmimt  in  the  moving  wire  ;  hcnco  no  effect  can 
rWnlt.  If  thi-  iixm  hv  lowcn-^cl,  it  witi  \>q  ntvn  that  <«ch  molecule, 
in  order  lo  rttjiin  it*  n^Utiim  to  the  mngtietic  fiold,  mnst  is  ettoh 
semi-rvTolution  iin-ing  bnlf-w»y  on  iti<  uxix : 
tbift  Ib  shown  in  Kig.  So,  whii'])  nhowH  n 
ring  of  wire  rutaling  on  n  centrv  c  ocrnaw 
the  citoloK  of  tlic  miiKnet  6.  It  iit  ohvionit 
that  the  roolecnles  m  the  wire,  in  order  Ut 
keep  their  relation  to  tluHiu  ciiulee,  tiim 
on  thuir  uxiw  in  the  dirmitioti  of  the  Mnall 
arrows,  and  in  doing  wi  uft  up  tt  <;nrrent 
in  the  wire,  if  a  ciirrent  rmlly  involv^is  a 
niolecnlar  rotntion.  This  trplanalSon  in,  of 
oourKU,  hypotlictical,  but  it  is  a  /afl  that 
the  motion  of  the  4^<>I1(lur.'to^  under  Ihcoe 
oonditioDM  doca  pnHluco  hoiiik  action  witliin 
the  wins  which  nwultii  in  uii  idLi-irii.'  iinijul»e. 

looj.  Thin,  Fig.  8c\  JH  a  vi-rv  dimple  looking  thing,  but  it  is- 
oomtnended  to  thu  xtiidL-nt  tta  oni*  of  iiiv  very  highest  nnportuioo 
and  involving  th<i!  most en»vnti&l  principk'eof  dyoaiOOBUlcbiDea. 
Following  Furaday,  all  writetB speak  very  fully  aboat "  cnttiug 
lin«Hof  u>rao";  they  rest  in  that  phmae,  and  no  one  thinks  it 
neouwary  t<t  give  any  reMiuu  irllji  euUimj  Uiu»  of  forte  ateuU' 
gfiteraU  a  nirivnf  in  th<^  wire.  TKin  figurv  ^ves  nB  the  nwm  '. 
the  mere  lines  of  force  are  nuthiiig.  I'l  i*  the  rotation  of  ih» 
moUtfUtt  of  tli«  wfre  ahite  arranijinij  theiatehea  at  parft  of  Ihett 
linei  offurce  thai  emurt  the  etirratl. 

1006.  Ifftplateof  metal  U  revolved  under  or  above  a  tnagnetio 
pole,  or  between  the  pules  of  a  horvedioe  raagnet,  but  below  the 
middle  line  of  tlie  pulee,  as  Dew  sets  of  molecnlee  are  broaght 
into  action,  sets  of  opposing  enrrente  are  set  ap  in  the  con- 
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<luotor,  uii  tma  bo  collucU-<I  by  menus  of  a  r**''  °^  ^nrinf^  one 
prawing  on  the  oontn  of  lotHtiun,  nt  c,  in  Fi)^.  So,  and  the  other 
on  tho  oircumforonoo  Kt  tlio  jiciints  wliere  the  cnrr«ntA  meet, 
which  in  the  Uttor  ooso  in  on  the  radium  betvreeu  tho  pulea  of 
tho  mRgDOt,  or  at  a.  Fig.  Bo.  Th<s  wns  tho  firsl  fonu  iu  which 
Famday  demonstratod  the  ir. t.ting  up  of  an  electrio  current  by 
motitm  of  a  ocmductor  within  a  nuignetic  field.  Some  vary 
striking  dovolopmonts  of  this  oclion  bavo  been  utilized  l^ 
Blihu  Thompiton  in  Anicricn. 

1007.  Tho  ciirn^nta  ko  gunentled  have  two  effects:  1,  they 
hoat  tno  laotal  according  to  tho  regalar  law  of  current  work,  so 
that  with  n  puwfrfiil  ciiirunt  motaU  may  he  mude  r»l  hot  and 
oven  molted  ;  2,  th<^  (ifTur  a  grimt  rcaistauco  to  tho  luechaaioal 
motion  ;  of  oounu  thta  roiii»taiico  can  novor  rieo  to  tho  extent  of 
etopping  tho  motion,  beoaiiM  thou  no  currout  can  oxiet,  and  It 
is  m  no  wnso  an  tibstniction  offbrod  by  Ihr,  Jt^M  ittftf  whioh 
arresta  the  motion,  but  {iutoIt  that  tho  force  which  cauees  tlie 
motion  ia  ozcrtcil  mlhin  the  coiKlucfor,  producing  electrioal 
motion  among  its  uioIocuIon.  iuNtoad  of  setting  up  an  exl«nial 
motion  vftSt  amduclor  itKiOf.  Thiaoffootiaatnkingly  exhibited 
if  we  allow  a  silver  coin  to  drop  between  the  poloa  of  a.  powwfU 
eleotro-magnet  1  ite  motion  sJackene  as  it  enters  the  field,  it 
may  take  even  two  ininui^e  falling  acioas  the  lieM,  and  will  be 
found  atrongly  hc^atod.  Wo  have  in  this  experiment  tho  clear 
evidence  of  bow  mcuhanicul  energy  ia  convuited  into  ulectrioal 
cnrroiita  by  dynamo  mauhiiicK. 

1008.  If  a  "bar  of  iron  bo  aurroundod  by  a  helix  of  wire,  a 
flurront  of  Induction  is  aet  up  when  tho  iron  i«  nutgnetiEcd,  and 
onuther  in  tho  opi>o«it«  direction  when  it  lo«ua  its  maeuelisni ; 
or  the  aumo  eflVioitt  are  produced  if  a  magnetised  atool  Bar  ia  in- 
serted iutw  and  witlidiuwii  from  a  helix.  If  a  helix  is  wound 
upon  the  arma  of  a  boi-noHlioo  pormanent  mngnet,  ourrontM  m^ 
in  liko  manner  Kot  up  whunovor  the  armature  is  applied  to  or 
romoTMl  from  tho  magnut ;  when  a  porfoctly  fitting  armatni  o 
of  sufficiont  size  is  applied  to  a  magnet  the  whole  of  tho  mag- 
netto  linen  enter  it,  S  961,  and  tho  magnet  becomes  inort  aa  to 
external  action :  in  other  words,  the  external  field  is  absorbed  in 
the  aruiuturo,  wliich  cloaca  the  lines  of  force. 

The   lumoval  of  the  anuature  requires  the  appliostion  of 
oxtvrnul  cni-rgy  B'lfficiout  to  i-estoie  the  normal  magnetic  ooa- 
ditionw,  luid  tV'ii  the  tiier^  in  tho  anoalnre  pasiips  into  IIm)  I 
form  of  current  iu  iUi  wire,  just  aa  in  the  case  of  induction  coila^  > 
/u  abotm  i  986.    A  litile  oonaideration  will  show  tliat  tbo  aotion 
of  dj'juuao  machinoa  \a  reaWy  %  woooeaMion  of  suoh  applioations  j 
ami  jwtnorali)  of  a  wVvd  tiru%tvkift,  %  \to.  ' , 
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1009.  All  the  practical  forms  of  mttcD«tu-«)0ctric  mttchlDW 
kr«  bMod  upon  korio  wf  tfaoM  prtDciplM.     Tiu>  earliest  and 
wmplfst  form  oonriata  of  an  armabm  «/  feorvM&M  tltape  rerolTod 
acrom  tbo  polwi  of  a  honeiihoa  magnot.    l'h«  wire  is  wound  to 
form  uno  oontioHouD  bcUx ;  the  motkn)  nukes  oocli  end  of  tlto 
wiru    altornatvlv  4-  aii<l   — .      We  may, 
therefore,  oxaiuine  the  action  ii]>oii  otto 
end  of  the  wire  in  a  complete re%'oliilioD. 
Let  Oy  Fig,  81,  bo  tJi«  end  of  one  lieJix 
rettting  on    th«  nonlnl  Hn«  n  R  of  thn 
BiaguotJu  |H>1c»  S  S,  imd  tlic  line  of  motion 
be  from  a  '  to   N.     Nortlt  magnotixm  ii) 
being  gainod ;   and  Irt  na  aMiime   tliat 
the  re!iiti<in  of  tbc  belix  in  racb  that  thiH 
ruuden  tl)»  end  +-     An  MOoa  »h  a  na«Be« 
N  ita  nortb  tnagnetiaiti  in  buing  tont,  bi'iioe 
the  wire  ttttane*  itn  jxilitrily ;  as  noon 
aa  a  paBM«  ilie   nt^utml   line  it  begins 

to  gain  Hoiilh  luagnetiniK,  and  (uh  gaining  nurtb  maki«  it 
+)  tliti)  givtia  it  —  poUrily.  wbick  on  <;i>:<ssiiig  S,  and  wheu 
the  itonth  niagn4;tii(tn  ia  lieing  loitt,  aijuiii  becomutt  +.  We 
have  thnjt  four i^Ii-ctric  impulMs  nhieh.  being  however  lu  couple*, 
reaolve  tbiMu«nlvo«,  n»  may  lie  m-en,  into  two  eleotric  oouditiona, 
whiob,  it  xlioutd  bo  obaervod,  eorrenpoud  to  the  stateK  act  op  in 
the  ivin>  ring  of  Fig.  8a  By  meaitK  of  a  commutator  on  the 
line  N  S,  tTiereforc,  a  current  can  )>e 'iblaiiXHl  in  one  din«tion, 
though  not  0011  tin  HOUR,  bnt  oontpoae^^of  the  aetioti  of  four 
(liHttnot  inipnlwMi.  The  mode  in  whidi  the  oonunufator  acta  i» 
explained  S  103S  and  Fig.  9;. 

1010.  It  muNt  bu  nndumtoud  that  the  point  of  cliangu  tH  not 
ftraetitallg  u]m>ii  the  line  N  S,  but  upon  a  line  in  iitlvaiico  of  it, 
aa  shown  by  the  dotted  line,  Fi^.  11.  This  in  due  to  "lug," 
{  97(  :  the  line  of  actual  break  will  dejiend  ujiuti  the  (inality  of 
the  iron  of  tbe  armature  and  ujxm  the  rate  of  rotation ;  it  ia 
even  poiaible  to  eonoeive  a  rate  of  rotation  sudt  that  no  effect  m 
produced  at  all,  and  in  practice  the  motjon  cannot  be  advan- 
tflMously  inoreaMd  beyond  aoenainrate,atwhioh  the  maxiuiniu 
effect  is  produced. 

A  »roilar  dianlaoement  of  the  neutral  point  occurs  in  all  forms 
of  dynamo  msohinee,  aud  tbe  oummutator  bnuhea  arc  wade  to 
ntove  ronnd  the  axis  to  Home  extent  in  order  to  admit  of  adjust- 
ment to  auil  the  B|>«vd  of  lotation. 

lott.  It  way  be  remarked  here  that  each   paasage  of  th« 
annature  not  only  caiiaeR  some  ntolecnlax  (ibaa^'ai  v^w^^  -«\Kvvi 
taking  ap  muguetium,  but  that  it  aW>  iMkUaesa  w  "Auwiiffi  ■«i-  '^'^ 
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nioleoQlar  conditioos  of  Uto  maKnet  itaelT.  If  a  wire  ia  ooilcd 
upon  a  magnet,  acurretil  will  be  eet  ap  tu  at  ewtfa  panMgw; 
In  faot,  many  ap|>«ratiis,  such  as  fiise-ex|ilodera,  are  oonatraiHed 
Upon  this  iirinciple ;  th*  poles  of  the  mapiet  themselvea  ana 
vound  witti  wire,  and  the  curront  is  pioduoeil  by  applyiug  nil 
anuatuK'  and  foi'cibly  wiUidrawini;  it,  S  1008. 

lOiz.  The  changes  of  the  inaguetio  field  inav  be  teoted  hj  a 
telephone  based  iipon  a  eoft  troa  bar,  which  being  applied  to 
the  nia;;;net  will  ho  magnetized  strongly  when  the  anuatuTe  is 
distant,  and  less  as  the  external  linos  oonoentrate  iu  tbe  ap- 
proachini;  armatnm;  at  roch  ench  change  there  will  he  a  nound. 
Tho  efficiency  of  any  armature  may  bo  tested  by  Iho  rMluctioD 
it  prodnocs  in  tho  i>xt«Tnal  field,  aa  shown  by  the  diminisbeil  1 
deflection  upon  n  magnotio  iiciilln  at  a  littlo  distanoo. 

lot}.  DrxAMO-Ei.BcTiuc  Mauiiim^— Tfarso  n)odomg«neratot8  j 
of  eloctric  current  hnru  ruuumo'l  so  mnny  funns  (hat   it  would  I 
be  impo«ble  to  enter  at  nil  fully  ujion  thoir  hixtorv,  principle*.  \ 
or  oonstmction  in  tho  opnco  at  command.      Thordoro  only  the    . 
eencral  principles  will  lie  coDMidorod  in  a  fomi  to  ho  of  most 
interest  genpralty.  and  runik-re  Imving  apooial  interMlw  will  do 
well  to  relei'  to  works  on  this  eubiect ;  thus  amatoura    who 
wish  to  make  dynamos  will  find  the  work  of  Mr.  S.  Dottout 
meet  their  needs,  and  manufactnretsorfieekci-s  of  large machime 
will  study  those  of  lYof.  Silv.  'I'homjwon  and  Mr.  Gi«bert  Kapp, 
and  articinR  in  tbe  toohnological  periodicals. 

1014.  Th«y  uKod  to  b«  daaacd  m  magmtto^telrk  and  djmoMo- 
tlKhric,  the  early  forma^baving  pcnnaoeDt  ateel  maeoets  ;  litii 
tliiM  iaonly  a  matter  of  oonBt ruction  and  growth  of  EnowlMge.  I 
All  consiat  essentially  of  two  Kj-st^mn.  I 

1.  Tlic  ma(fMfio  field,  which  nuiy  l>c  produced  either  by  steel 
magnetK  or  irlootro-mapieU,  but  wnioh  it  is  desirable  to  nutke 
as  powttrfnl  ns  poRsible.  I 

2,  Tho  armaturf,  nhiuh  tnkea  up  the  force  of  the  field  and  I 
by  ita  agonuy  tmnsfomis  llio  energy  supplied  moclwuiicmlly  intol 
eloctronioliTi-  forou  and  current.  I 

1015.  History  ov  Dysxxq  Uachikcs. — Farada^v  obtained  aj 
current  from  u  magm-t  in  i8]i ;  the  next  year  llippnlyt^  Pixin 
of  PoriM  productsl  the  first  machine  for  doing  this  pratlitnlly  J 
it  oonnistiMl  of  an  eleotio-magnet,  umlcr  tho  poles  of  wliii^h  al 
powf^rfiil  ntcul  hoTMahoe  wa«  rotated  by  a  shaft ;  this  resulted !  J 
altemaliiig  inipalaea,  and  a  oommntator,  composed  of  two  pairs  ofl 
half  cylinilitre  with  Rpringo.  oxohanged  the  relations  of  tho  win! 
ondn  to  tlio  twi> ti-rminul  binding  ■ctiiws,  so  that  these  dctirer<.'i!  , 

a  current  always  in  quo  diKOlxun. 
It  will  I»  Been  tJi»tiW»ioM'lvi»'i*^'^^*^''*^V''**^ **■"•■■■■! 


I02].}  KtSTORT   OP  BISAJiO  UACHIilRS.  477 

its  ocnstraction  mecbtuiiciilly,  yet  cuntainul  iJl  the  neoomary 
elements,  and  carrioltmt  tlu:  i-mentiiil  {irinci^plw  of  the  oonToreion 
uf  laecfasnical  onorgy  into  driutmic  olisctricitj. 

1016.  SastoD  of  Phi  I  Olid  gi  hill  iwurwiil  tho  conHtmotioD  of 
Pixii's  machiDc  in  i3}},  bv  fixing  iho  pumniicnit  magnet  uid 
rotaiing  the  armntnru.  which,  whil<i  in  ni>  way  nlt«rinK  the 
])riDoipte.  fiimplifiod  tho  01111  Ht mo tiun,  mni  (lid  Kway  wiui  one 
pair  of  contACt  springs  in  thi>  oom mutator. 

1017.  (.'larlce  of  l,un<lon,  in  18)4,  still  ftirthor  inodifiod  the 
o.>nfitructioii  by  fitting  the  uiMgnct  in  a  box  uud  rotatitig  tho 
arniiiture  over  tho  niilo  nf  tho  tuiiKnvt  instund  of  scrosH  its  polw. 
This  i»  the  instnimonl.  kUII  wuil  known  in  the  shops  as  tlw 
"  medical  nmgnotocloctic  luiivhinv." 

I'ixii's,  .SsiiC'>n'H,  und  ClarkV  miichinn  uro  merely  modified 
forms  of  one  tgpe  or  prindpli-s  and  as  it  in  nq  well  known  I  Bhall 
refer  to  thiB  in  future  as  "  tlio  Clarkv  typo." 

lOlB.  J.  S.  ^^^lotrioh  pruiluec-d  tho  fint  practical  machine  for 
largo  oumntd  and  LiiKinu  power  in  1941 ;  it  was  pravtioally  a 
compound  Saiton  innL-hiui^  with  niitny  magnets  on  a  ftnniu,  and 
many  ekctro-uingneta  roUtud  by  an  axis  (thus  grcAlly  nsacni- 
bling  tho  latvr  Alliunoe  maohine),  and  it  gave  great  pluiuiure 
to  FanuUTi  who  maw  in  it  the  r»i)id  growili  of  tho  soiuntific 
infant  he  hail  prmcntod  to  the  world  t^in  yu«nt  liefonv 

1019-  Tho  next  im)gre««  waa  matlo  in  1856  by  C.  \V.  Siomeas, 
by  tbo  dorit-c  of  bin  I  «iro  ur  armatiiro,  j  lOjS,  by  whioli  tlie 
loM  of  power  ill  chumiiiK  the  air  is  minimixed,  as  it  enables  a 
loag  magnetic  voiti.  with  tibort  pubir  distance,  to  rotato  in  a 
voir  intKnwj  "  field  "  with  tbu  gri^test  nnefitl  velocity,  and  yet 
with  Itttlu  inonit-ntum  or  mecliiiui<vil  atrrss.  This  I  shall  Tofor 
to  BK  the  "8i<tuM>na' cere"  iu  order  to  distingaisb  it  from  the 
antalitre  of  his  later  maohiuce,  which  oonvtitute  a  iliiletent 
typo. 

loia  IT.  Wilde  made  iu  1667  a  simple  yet  a  very  ingenious 
oombinntion  of  two  Siemens'  machinea.  Mo  <iH<.-d  a  Siemens' 
maoliine  witii  penoaneiit  magnets,  but  inateatl  of  using  ita 
current  for  work,  he  directed  it  into  a  seoond  Siemens'  niaebine 
with  a  large  eleotro-maguet  for  ita  Ituld,  no  as  to  obtain  an 
intense  magnetic  field  :  the  core  whioli  rotated  in  thia  therefore 
gencntMl  a  miiuh  laiger  ourieut,  while  of  course  requiring  pro* 
portionalo  eiu-rgy  to  drive  it. 

■oil.  Tho  iit-xt  advance,  also  a  very  simple  one  to  our  now 
extended  knowledge,  laid  the  foundation  fur  utl  tliu  later  forma 
of  machine.  In  tho  latter  part  of  186^  Mr.  S.  A.  Varley. 
Profeasor  Wheats  tone,  and  Dr.  Werner  Siemens  siinulianeously 
earned  the  idea  of  acaimulalion  a  stage  further  than  Wilde,  who 
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dt!{)on(l«d  on  the  cniircDt  derived  from  one  permanent  mngnet  to 
geiierate  a  stTtmi^er  lua^not.  The  iietr  aud  fcrttlu  cunceptioti 
vr&s,  to  comnienoe  with  the  very  weakest  magnetutn,  and  main 
it  f;enerat«  Ihe  iitnmi^eet,  in  fact  to  make  the  ttectro-^mi^iut 
vta^elhe  iUelf,  by  »en<})iig  tlie  oiiirent  from  the  arninttiro  into 
the  Odila  of  the  field  tuaf^iet,  eacli  in  turn  reinforcing  tbv 
otiier,  till  Uie  maximuui  of  m^netisin  wan  naebed,  Ntarting 
from  th(-  ftunll  lesiduAl  iua)ciiotiem  alwaya  preaent  in  iron  oDce 
map) i-tt /till.  Tho  ouiioiia  tbini;  h  thai  Hr.  Vnrley  IumI  ii  pr«- 
eiu))tiv£i  li^ht  to  tliin  iiloa.  becauatt  it  was  simply  traunforring  1o 
the  now  field  tho  priHcijilo  he  had  bttfore  appliwl  to  hin  static 
acomunlaUT,  i  56,  yel  it  waa  yturs  before  his  part  in  llio  matter 
was  Teoo(;Di)^oii,  thoU|^li  he  bad  actually  patented  ihe  principle 
before  the  other  co-djsooverera  who  got  moat  of  the  credit  oad 
mentioned  the  subject. 

1013.  It  should  be  mentioned  here  that  glimpaee  of  tlio  idea 
of  aooumtilation  had  l>een  perooired  by  othem;  Iklillwnnl  of 
Birmingham  in  iSji  anegested  the  oaiuiug  of  thti  ulMtro- 
magnets  generated  by  iJie  current  to  pass  over  parmanBnl 
magnets  so  as  to  anataio  their  force.  But  Stephen  HjorUi  iu 
iS{5  clearly  anticipated  \^'ilde'8  combinatioD  of  two  ditttiuot 
maoiiinciM  by  prodiidn>;  thi^  Name  effect  iu  one.  A  rotating 
ring  of  annrtitirvH,  vlmilar  to  tliat  of  the  Alliance  nimchiu«, 
|taned  between  tho  potea  of  a  maisive  horoeahoe  niagnot ;  tba 
ourront  thm  generated  was  tuken  up  by  a  uumnintator  aud 
pAcsed  into  a  i>air  of  largo  eleotro-magnela,  betwvtu  tin:  [loleB  of 
which  the  ring  of  armatures  also  pasBod,  and  getiurnlvil  curreuta 
to  be  applied  to  work. 

10]  t.  Mr.  Ladd  dorisod  Mtreral  convenient  maohinon  fur  utiliie- 
ing  the  principle  of  Hocamulation.  lie  mode  largo  vlootro< 
maguota  of  Itollor  plalo  fitted  with  polo  pieces  betwcvit  which 
Si«meng  ooree  rotated.  Iu  some  he  plao^  anob  pole  piecva  at 
each  snd  of  two  aliaight  magnets  with  a  core  in  each,  one 
serving  to  maintain  the  mngnotism  a«  in  ^Viide's  machino,  and 
tho  other  for  the  work.  In  othon  thcrxi  was  a  polar  syateni  at 
one  end  of  a  horauhoo  magnvt,  but  the  core  conaiRtM.uf  two 
pnrtH  Iix4^d  at  right  anglca  to  each  other  soas  to  oomoiutuaotiuu 
altemat«ly,  tho  two  iMrts  nurvinK  (be  aaine  piir|His>!  aa  the 
separate  coras  of  the  other  fDnn.  'l^Mte  maebincn  wi-rc^  tbuniffire 
idcDtical  with  lti«mflns',  but  with  the clectrti  fiuld-niugnet  innU-ad 
of  a  pormauent  magnet. 

1024.  Tho  AUiance  machine  aliotild  be  mentioned  in  the  order 

of  dAvelopmunt,  thuugh  it  intrcHluoed  no  new  principlea.     It 

OOiuiMcd  of  a  ring  or  disc  carrying  near  its  circnmfercncu  a 

ADinber  of  straight  or  \wit  eWuii-mik'pKara  wniua<H^  v'uallol  trt 
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the  AXIS,  vhicli  wer«  carrif<l  liy  Iho  disc  bi^tw^-a  the  two  pole*  of 
statioiutTy  stoel  horaMhow  iimmgod  on  n  fntniv.  nnd  oqnal  in 
onmbor  to  tho  nnnfttnn)  iMtni.  A  nttmlwr  of  th<wc  diftx  wciro 
mooitted  on  tho  axis  with  cornitpunding  Mii  systnms  un^uml 
thom  ci>ii8titatiiig  »  oomnoamd  Clitrki?  ty|K'  of  lanchina  vcipr 
Biinll«r  to  thftt  of  Woolriob.  Th«  iiiont  imndrtant  n>iiU  of  thi» 
niAcJitno,  which  wu  VMcd  for  gvnvmting  light,  was  thu  (ItMcoroiT 
that  it  vfna  not  ncooeaory  to  oommiifa/c  th<.^  currontK  for  thi» 

Snrpoeo.  Tho  nin«hiD0  wm  a  fuluru  At  finrt,  boc»iitw  of  tho 
iflumlt}'  nud  loss  at  tho  commutHtor,  but  itiixwnrod  woll  wh«D 
cimplo  collecting  cylinders  mid  Hnrings  w«ro  nsod.  And  tho 
altomttting  iMirront  oent  to  tho  nro  lajitpii. 

Holmcw'  miichiDO,  which  waii  «imply  an  AlliAnco,  wm  patented 
in  Knglnnil  in  iSj€.  and  in  |S52  won  used  nt  tho  Dungoncm 
J<i  gilt  hut)  He,  the  brut  siiccetufiil  and  ])orDiancnt  two  of  tho 
uluotrio  light  in  Etiglund. 

1015.  Ho  fur,  »lt  the  nadtlaeo  wen  of  the  Clarke  typo,  oon- 
aifitiug  (if  itn  urtiiiilttre  of  oomrtantly  reverat^d  polarity,  pro- 
ducing alternating  ourront^  which  l^d  to  ho  dir«ot«(I  to  the 
circuit  thiongh  a  oommatator.  In  1S60  Dr.  Pacinotti  of 
riorwicw  wMCoivi-d  tho  idea  of  a  eontinuout  mi;  rotating  io 
tito  magnetic  field,  with  the  induood  ntagnetio  poles  always 
fixed  in  one  Rpot,  lh>mgh  the  iron  in  which  thc}'  existed  was 
being  ct^nntitntly  changi-d,  and  fnwli  coils  of  wire  brought  nnder 
their  inllnciic<\  S  10^4-  It  was  rvftlly  devise^l  u  a  motor  to  bo 
drivon  by  Imttcrirs,  ami  tho  [iHnciplc  of  aoonniulation  which 
WW  duatincd  to  make  it  a  good  generator  of  current  iva» 
onlCDOwn  when  in  i954  the  invention  was ilntcribod  inthoXuovo 
Cimmlo  and  eoTcrol  smalt  machines  made  and  deposited  In  tho 
Florvnoo  HoaCDin. 

1016.  Z.  T.  Gramme  of  Paris  re-invented  the  Pacinotti  plan 
aaa  generator  In  1870,  and  hia  macliiuo  was  uh>'h1  in  oliwtro- 
inetaUurgy.  You  Hefner  Alteuech,  uf  the  bouse  of  Siemens  and 
Halake  of  Berlin,  modified  the  rotating  anuature  in  1 872.  From 
theae  two  typea  of  armature,  the  Oramme  riiu  and  th«  Si«mmf 
(fruni,  all  the  modem  forma  of  dynamo-maohtnes  originate :  to 
follow  Ihem  out  and  describe  thein  would  neinl  it  Iitrg«  votuiiio 
and  a  TOT  special  aoquaintanoe  with  the  Bubjecl.  But  there  is 
a  moile  of  ColluwiDg  out  the  prinoinles,  perha|)ii  even  more  nsefal 
than  tiaoing  the  fonus  in  which  Uiey  have  appeared. 

1037,  EvoLnios. — The  doctrine  or  idea  of  erulutiou  is  now 
firmly  (paftt^d  u)]on  tJio  scientific  mind,  and  ta  eitending  it«clf 
iuto  all   the  deimrtmmta  of  kuon-le-lge.      It  teaches  ua  that 
nothing  is  isolated ;  every  fact,  every  idea  holda  atyaub  x«^»!i3>mcv  no 
others  from  which  it  grows,  whilu  \t  V«Qon«M  &  v^vcX  <A  «to.^^ 
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for  oUioni,  EtoiDotlmoM  coDtitiiiing  «  dirvd  line,  MiaetiiQee  omi- 
stituting  n  [foint  of  iliflimniiation.  At  which  uuy  origintt* 
aoToral  growilw,  prucevding  (inwurds  until  there  appears  no 
nlationithip  bvtwwn  tboir  prcoliiot^  .Such  is  tho  reUtionalup 
nmoi^  the  variouH  Iftitgattgw  of  inunkinil,  as  well  4u  amonf;  the 
raced  of  beings.  Now,  wi  imuuTtont  oi}oct  of  this  Id  that  not 
only  may  the  nntmiiK-d  iniiiil  be  unable  to  ooc  a  oonneotion 
betwpen  two  uiipun-ntly  diirtiiict  tiling*,  but  thnt  there  IMJ 
actually  exist  gapt  in  Me  line  of  evolulion.  miaBing  links  in  IM 
chain,  either  lost,  or  which  lu^vor  liiu!  oetuul  vxiatvnco,  except 
in  the  rudiim-ntAiy  cooditioa. 

1018.  luohemistrywehnTeanumbcr  of  "homologous  aerie*" 
nnil  groups  of  serien,  wliiuh  illutitrmte  tliiit  vi^ry  roinarkahlT. 
Thn*  we  hare  a  aeries  of  rudioiilH  utarl.ing  from  luothy)  CQ], 
iinil  ritiiug  by  uthlitioun  of  On^thntiighalong  lineof  HnlMiaQcM, 
which  gruilnitlly  become  duiiaer;  thu  addition  of  hydraxyl  HO 
to  any  one  of  th<;«e  Mubninncett  oonTertu  it  inti>  n  oorreapondinc 
alooliol,  Nuob  UK  tlie  I'omnmiily  known  aloohol,  the  hydrate  of 
ethyl,  C'jH^DH, and glyiHirino,  not  oiiaimonly  ooneidt'rod  alouhullo 
in  eharootvr,  yet  reully  no  xcientifically.  Another  atom  of 
oxygfia  itMiTUnl  in  the  ntohviili.',  in  pbtw  of  11,  givos  us  the 
«orTeq>ondtng  noid,  such  as  the  acetio  acid  of  vinegar  C,U  jOOH, 
np  lo  cte«rio,  and  the  waxy  ncid«  and  m  on. 

tO]9.  The  Bonto  gruupa  and  EiibalAnocs  may  be  classi6ed  upon 
other  ByetomH,  sncn  as  tliat  uf  typoe,  but  eiill  with  the  Mune 
rcriltn  which  are  now  undt^r  contti deration,  the  oonatmolion  of 
CoQiioctod  linoH  and  diverging  groiipK,  forming  a  clearly  uon- 
neot«d  whole,  iu  which,  however,  tburu  i>ro  many  gaps— «alh 
atancoR  whioli  do  not  uotunlly  exist  in  nature,  or  have  not  h»tn 
di<covered,  but  tlit:  |i()B«ibi!ity  of  wh<iso  I'xistonce  is  evidont. 
while  Bomo  of  thuin  liiivo  nctuiilly  Iwen  prodncod  artiliciiilly  in 
«ot)iequenoo  of  lliiH  fortMoon  paten  rial  ity  of  oxistenoe. 

loja  Evoi-uriOK  op  thk  Dyhamo^ — It  ia  such  a  rolntionship 
that  I  wiah  to  pn!ai>nt  among  the  diflorcnt  ItindH  of  muL-liinoa 
not  as  a  waiter  of  fact,  not  an  implying  thnt  the  iuveutoru  t.  (, 
the  different  fornui  actually  devolopiHi  tluini  in  this  manner,  liu,  || 
aa  eoeential  to  the  midentaiidiiig  of   (he   resemblance   anc" 
differenoea  among  the  macbincv,  and  an  enabling  workttn  fi 
prucMd  upon  definite  principlca,  rather  than  upon  rule-of-tbum^  i 
pruoeaiK:*,  and  ooetly  tentative  ex  peri  men  la.  J 

In  the  endeavour  to  idealize  auoh  a  tiyalematic  couceptiuu,  ihtl 

fimt  thing  in  d«Te]opinent  uf  ourrect  ideas  is  to  clearly  dis>1 

tinguiflh  hetweeo  thiw/a  and  appearanav,  IhjIwci:^!  fuudamentaU 

priooiplea  and  io«re  forms  of  oomttruction.  || 

/Dji.  To  begin  «ilh,  w«  6\iijm\&.  tuuMCpJoja  ^Jut  thiua  ia  mm 
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lul  iliSbronce  botwoon  a  bar  muriiot  aod  » liorawboo  mngn«t, 
except  in  the  fonn  of  tli«  field  of  /orcc  sot  nji  IwtwooD  th«  poles, 
which  adapU  ono  fonn  to  Boniv  |>nrpoac«  and  the  uthor  foim  to 
othors.    TntiB  it  is  ovidont  that  t,  in  Fig.  6]  is  morely  i,  with 
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its  two  ends  toroed  dp  by  beocling  the  middle,  whtish  allows 
the  linea  of  fone  ooonecting  N  and  S  to  ba  sbortftncd,  tho 
nsoltiug  field  to  be  roduocd  in  area,  aod  ooii»equeuUy  iuonwaocl 
proportioiiallj  in  inteiuitr. 

I0}2.  It  ia  low  obriouHly,  bat  equally  troe,  that  a  horMnboo 
anaataru  rotiiting  over  Uie  pol«H  of  a  inaKuet,  an  in  Soxton't 
machiiM),  or  acixws  tli«  polua,  as  in  Olarkas,  aota  preoiaely  at 
does  a  ttnight  bar  «loctro-niagufit  paeeiug  betvreon  UM>  poM,  M 
iu  tha  Allianco  aod  othor  maohinos:  thus  t  and  4  difl«r  iit  00 
way  in  type  and  action ;  nor  do  the  Ouirkn  and  AUianco 
DinchinoM  ;  tho  diffoienow  rolato  U>  inovhuiiiciLl  construction, 
and  to  the  moet  oSeetlve  way  of  lakinE  up  tho  lines  of  foroe  of 
tho  magnet.  Id  all  those  forms  the  action  u  merely  the  placing 
of  the  iron  of  the  armature  in  such  poaition  as  wiU  oonoenUute 
within  its  own  mass  as  much  as  possible  of  tho  external  field  of 
the  magnet  and  diminish  its  independent  external  aotious. 

toj].  Cmtpound  Armatures. — One  stage  of  ovolatioa  &om  thfl 
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mero  bar  is  a  iHdial  armature,  which  Fig.  8),  1,  shows  is  merely 
a  multipUcatiOD  of  tlie  bars  of  Fig.  Si,  4.     Its  rotation  in  the 
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plftno  of  tho  polm  N  S,  inntobil  of  acrow  tbcm,  lut  iu  tli«  did 
urmAtiiroa  ia  n  pnro  mitttor  of  coiuitnicUiin,  and  liiiH  givoi  u 
ODO  of  tho  Lonlin  nuicliiiKw,  wliiolt  U  Iwltt  of  «  «orioa  of  emk 
rndial  eystoms,  sligblty  ororlupping  o«oh  oUi«r,  so  that  Uh 
fi«ld  ifl  traosfdrrod  into  ono  afl:i-  «noth«r  of  tlw  cvUeotionof 
l)^^  which  coDstitiit««  tho  complolo  ainukture. 

10J4.  Mii!lii>t«  Fifld.—Aaoi)wT  stop  combince  tho  siogW  ring 
of  rndial  bars  of  Fig.  G}.  nut  with  a  single  liold  mofptot,  but 
wiih  an  equal  uniubor  of  altornating  Geld  polos.  We  have  thai 
tbo  conditions  of  tho  AUiaooe  tyjM,  different  as  the  inachjao 
appear.    If  we  look  at  3,  tbU  io  evident.    It  is  of  do  coumhi 

08  to  theory  how  tho  Boveral  poles  N  S  of  the  field  luagiwtl! 

rclut^d :  those  at  op^ito  points  may  oomplete  tlie  honnihor. 
n.n>l  then  the  two  radii  of  the  armature  ooiistittite  a  straight )« 
between  its  polos.  Or  adjoining  polea  N  S  may  form  k  ito|ianlB 
field  raaj^et ;  tlicn  the  two  adjoining  radii  form  its  armaton 
^all  being  auppoaod  to  niiite  at  tlie  middle),  and  oonstitute  • 
hor«uMhoe. 

loj;.  Apparent  Rtng  Armalitm. — Tliiit  lends  to  a  new  aUn 
of  evoInlioD,  which  derolops  an  apparently  diKtinot  tyjio,  sull 
depending  on  tho  same  principloB.  Wo  know  (S  toil)  that  1 
straight  oar  and  a  horseUioe  are  the  same  in  princmlo.  W« 
take,  then,  each  adjoining  pair  of  radii,  acting  as  a  uorwetioti 
and  straighten  them  into  a  bar  armature  to  the  adjoining  polta 
N  i^,  and  thus  we  develop  the  three  bars  of  Fig.  qo,  },  ana  witb 
three  more  added  as  shown  in  dotted  lines,  au<l  then  curvin); 
tho  bars  as  also  shown  in  dotted  luiee.  we  liavc  what  looks  lib 
a  ring  armature,  but  is  eo  only  median ically.  Eleotricitlly,  it 
is  a  hexagon  Bj*Btom  of  )ndej>uudeut  armatures,  arrangeil  in 
pairs  BO  aa  to  divide  the  foroos  of  the  field  poles  botwoon  thein, 
and  form  a  BUooeesiou  of  oonaequent  polca  in  tlie  riug   tbut, 

OOUHtitlltOil. 

iO}6.  Thin  IK,  howorcr,  an  important  stage  of  the  OTolntioi 
for  it  in  the  iMutin  of  throo  moohioos  wholly  distinct  from  ea 
other.  ( I )  Fig,  8}.  3.  as  roundod  oflfi  giv«e  nx  tho  prinoljile 
tho  Via  ilvTitou's  iiiauhine ;  (])  iH  tho  armatura  of  tho  Lontj 
t!  lO}},  witli  multiple  liuldN,  and  in  ita  boxngim  form  ;  ())  ia  t! 
elemental  ring  of  thu  Biirgiu  moohine,  oDon,  but  wrong' 
duHoribud  as  a  oompouud  Urammo  nuiehine.  Tbo  fact  that 
Biirgin  anuature  is  oonxtruotod  of  a  oontinuous  iron  ring 
only  a  detail  of  mauufnotnre :  thuoretioally  Miob  segment  is 
inilupondeiit  l>ar-magnot,  fitting  to,  and  poUrixed  hy,  the 
tn-miticM  of  tho  liela  magnet  polos,  (j)  A»  a  ring,  aorl  aii 
oniitiniious  motal  ootOi  givoa  ua  tho  Brush  arinatun^  whiilr.t 
mtily  oompoMld  oC  indoY^en&eu^,  ^txAjc^mK^v&^aod.  in  h<  <  I'  it  t 


wtua  nr  miahrio  rtiLD. 


different  frcnn  die  tmo  oootinaoaa  riog  of  the  Gr&mmfl  type;  it 
doea,  however,  appnadt  a  stag«  further  towards  it.  by  »  con- 
tiiiual  iuterchaDf^  of  Hiib-fiogmcnts  sncceSBively  building  np  tho 
actual  bar,  ami  by  reverting  to  the  Inpolar  field  system. 

10^7.  Tnu  Biny  Amat»tr«. — At  the  next  stage  of  evolution  wo 

SUKti  from  the  oj^rent  rin^of  Fig.  8),  j,  to  the  trua  rin^of  the 
Irttmmuoi  Faomotti  type.  In  all  the  preoediu);  fornu  inde- 
pendent poles  have  be«u  created  and  reversed  completely,  and 
the  wiro  of  e«oh  segment  baa  its  iadepondout  altornating 
lm]i»Ii«M,  net  up  in  and  collected  &om  it.  But  the  enenoe  ^ 
the  true  ring  is  th«t  while,  Htruoturally,  the  iron  ooro  rotates 
and  the  iron  ia  continually  cliaugiritf  ita  magnetic  iitale,  the 
true  am,  tlio  receiver  of  tlit:  lineu  of  lorco  of  Uiu  li>dd  uognet 
is  Htationary.     This  unnaturu  in  Ktudivd  S  io6G. 

lOjS.  Tlu>  Stemriui  drum  aniialiiro  rMomblcs  tbo  Onunma  iu 
this  nspoot;  in  it  also  tlioro  oxixts  a  stationary  inasnetiMu  in 
the  intoroal  mow  of  iron,  produced  bv  tho  indnotion  of  the 
fields  pol<M :  wo  may  compare  it  to  Fig.  8].  3,  and  oonoeiTo 
that  too  wirv  of  tho  dram  alone  nOTes  in  the  spooo  between 
the  polos  of  tho  field  magnet  and  thoso  of  tho  inducod  ormaturo, 
S  to6j,  J. 

lojQ,  Wirea  and  Jttaynett. — This  brin^^  ua  to  another  line  of 
evolution  which  appears  to  t>e  distinct,  and  yet  is  of  the  same 
order.  The  aotiun  of  wires  orosaing  lines  of  nroe  appears  to  be 
of  a  different  naturu  from  that  of  wires  wound  upon  a  bar  of 
iron  temporarily  magnetised ;  bat  the  cnrrsnta  produced  Ju 
both  cases  are  due  to  the  absorption  of  extonial  energy,  and  to 
tliu  roamngomont  of  thu  molecules  of  the  wire  while  aidapting 
themselves  to  tho  lines  of  fun»  whioh  they  momentarily  oooiipv ; 
the  difference  is  that  in  one  oaae  the  wires  form  part  of  the 
magnetized  systdm  itself^  and  in  the  other  they  temporarily 
form  part  of  an  independent  system. 

1040.  iVci  particle  of  nailer  i*  independmt,  and  this  is  a  faot 
litUo  dwelt  upon,  bat  of  snoh  importanoe  to  all  true  thought, 
tliat  it  shiixild  Iw  thoroughly  realised  and  firmly  grasped  by 
tbo  miud.  Nothing  exists  for  or  by  itaelf;  every  atom  of 
matter  is  in  tho  plaoo,  and  ondor  tho  oonditiontt  it  occtipJos, 
as  a  result  of  tbo  som  of  tho  various  fbront  which  inlluonoe  it. 
This  is  most  wonderfully  vvidenoed  by  the  infiuilcsiraally 
instant  changes  which  we  have  been  enabled  to  trace  ont 
in  many  forms  of  matter,  as  resulting  firom  rapid  intormittonoe 
of  light  and  boat. 

TniiB.  ia  a  wire,  each  molvonle  is  oonstitnlcd  of  two  atoms^ 
hold  togctbor   (probably  through  the  afCjQtici'j  tit  yJuw  l«««k 
oorrespondiug  to  those  of  magnetiam,  ruA  0(«mnOT^'^  ».\.-w^wo.v«A. 

^  It 
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to  iliffereiilial  ohaigos  of  +  and  —  electridty)  by  the  force 
called  "  ohomical  ftfflnitjr  '*  or  attraotion.  which  force  is.  u 
bIiowu,  i  £35,  doeolj  remed  to  eleelroDiotive  force.  The  taaas 
of  Uiu  wira  ia  lidd  iDgoUier  by  einiilar  fon»a  of  niolenlu 
ftttraotion,  orystoUization,  and  oolieaion.  All  iheee  forooa  im])]y 
on«rg7  atored  in  the  matter,  and  they  are  modified  ttoin.  momc&t 
to  nionKTnt  by  heat  and  otlKir  external  foroea. 

The  aftval  arrangement  of  Ihe  partite*  ef  Oie  wire  it  tha  wmAtMi 
remtf  o/all  lliefnrent  influencing  ihi'm. — Them  partiolea  &n  nmply 
in  n  condition  (>r<M]iiilil>niim  liiibk-  to  iostant  change. 

10^  t.  Such  u  (ihaii);i>  ciooiirii  tlio  moment  thoAO  piirtiolos  eatora 
"  field  ol  force,"  thv  eiierg}-  of  which  ia  ohiirgcd  ui>on  Ihom,  and 
introduce*  now  oonditiona  of  balanoo.  The  vxocm  of  foroo,  tbo 
ROW  RtroeM*  sot  np  ngoinHt  the  pre-esiallng  furcos,  involve  m 
tzpendituro  of  energy  !□  effootine  moleoulor  ofaongca.  and  we 
have  the  oonditicms  doecribod,  $  noS ;  the  j>»tenlial  otier|>y  of 
the  linee  of  force  in  tbe  fii^ld  becomes  Icinetic  in  the  wire,  aud 
therefore  develops  E  M  F,  and,  by  offoctiog  motion  amoag  the 
moleoulca  of  the  wire,  geuoi-atcB  an  oloctne  current,  aocording 
lo  the  arrangement  of  thoBc  molecules— tho  number  of  coaduotin  j 
ohAtoa  wliiolt  they  can  constitute,  $  4:^4. 

Therefore,  in  order  to  generate  a  onrronti  the  wire  mnal 
trnvome  a  ileld  in  auoh  &  manner  a«  to  continually  obango  tb« 
arrangomont  of  iUi  moleeulea  among  theiniwlvcn,  and  their  relv 
tion  to  tho  Kum  of  the  actions  <ixertvd  upon  theoi ;  meru  motico 
in  n  field  may  jiroduoe  no  ijffoct  wliatovor. 

lOdi-  Whun  a  bar  magnet  itt  inHerted  into  a  ring  of  wii* 
canying  n  current,  a  reaetian  ocouni  between  the  two  fiol<U 
which,  if  concordant,  teoda  to  unito  them  into  one,  and  to  ploot 
tho  two  GontnM  of  the  fielda  togotlior;   if  dtHcordJuit,  that  ia  if 
tho  linea  of  foroo  are  not  in  the  same  dircotiun,  a  e>jrt  of  ooudiot 
occurs  for  tho  poeflcosiun  of  tho  matter  in  wliidi  tho  linea  of  | 
force  exist.    In  tho  first  cafie  wo  have  atlraction,  tuid  the  ring  1 
of  wir«  movoH  to  tlio  middle  of  the  magnet,  in  the  other  ivf  < 
have  what  in  called  reputtitm.    Tho  current  in  the  wire  ia  uJtsj  I 
either  increased  or  diminished  during  the  aolioii,  S  I050.  ^y 

104^.  When  a  bar  mugiict  is  inserted  into  a  ring  of  wire,  not] 
uooujned  by  a  eurrenl,  it  muU  up  a  momentary  current  therpin, 
opi>osi(e  in  direction /o  (/ifi  jMvpw  magnelizimj  current  vf  th'  '.  . 
a  moohanioal  roaistance  is  oxporionoed,  and  tho  Hng  is  I".    lU 
moment  repelled :   thoao  actions  aro  ozamplc*  of  Lenz's  tai 
S  9J0.    But  it  is  not  enongh  to  quote  a  law,  we  sliould  rcsU 
what  isthe  catue  and  the  proccM :  tho  niro  beoomee  a  part 
thv  exlmwl  field  and  Uuea  of  the  mai^cl,  and  hu  to  nrmnge  { 
juoitfoulva  accurdiagVy,  lus  ii\iowuTi\%.  ■>,\,\.V).-«\i&»^-' 
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itiiig  current  is  part  of  the  Inlemal  lines,  an  intof^l  part  of  the 
maguet,  aud  ita  niolMolea  an  ranged  (o  corrcflpond,  as  in  Flga. 

74,75,895'' 

1044.  Tu  makt)  these  mntoal  iMOtioDS  intelligiblB  it  may  bo 
well  t(>  (iovulop  a  little  the  coDsidfirations  preeeDted,  H  ^44-;]. 
In  Fig.  71  wd  hnve  a  Beotion  of  a  onrrent,  Hhowing  radial  liiim 
of  foroe,  upon  which  magneta  place  thomaelTW  tangcutlallv ; 
those  radial  liiuM  may  pcrhapR  be  negaTded  aa  sectioiiH  of  the 
liuc-s  of  Mtatio  electrio  induction,  apnnring  fVom  all  iiartM  of 
tho  circuit  towanbi  all  othvr  jiorta,  and  rMolTiac  tbemwlvo* 
into  a  ahoatb  of  liiivK  of  Htatiu  ittixwa,  pnraUel  to  the  conductor. 
Klngnetism  and  ekictricityaro  related  to  eooh  other,  tbeir  planoa 
or  line*  of  polar  order  aud  force  being  at  right  angka  to  each 
other,  S  1^0,  We  may,  tbereforo,  expect  vorau  magnetic  force  to 
exist  at  right  anglwi  to  the  linw  of  coDdaction,  and  audi  exista 
in  the  funn  of  rings  nurronadiBg  tho  oooduclor.*  Not  only  do 
moguvtio  neodlon  place  thcmaolToa  in  than  ringv,  but  tho  nnga 
thoBDMlTC*  may  be  made  risible.  If  we  pan  a  carrcnt-oarryinz 
wire  through  a  cord  on  which  iroo  filings  are  Rprinklod,  aiM 
tan  tho  card  lighUy,  the  filings  arrange  tboinKiIroG  around  tho 
wue,  thinning  away  as  distance  increases ;  they  are,  in  fact, 
tamporarily  magnetized  and  anito  1eingth«ri«e  to  form  oloeed 
rings  around  the  wire  iu  tho  lines  of  equal  magnetic  force.  It 
should  be  dearly  uuJeratuod  that  these  rings  have  no  polar 
actions  or  attrootiona ;  they  resemble  a  olcead  steel  ring  whioh 
may  be  strongly  magnetued  yet  hare  uo  apparent  maguetism, 
because  it  is  a  completely  dosed  field ;  at  every  section  there 
is  an  equal  K  aud  S  role  existing  and  combining  togotlier.  It 
ia  true  that  a  piece  of  iron,  audi  as  a  tiling,  enters  the  ring  oud 
does  then  possess  two  poleo,  beoaust*  ita  capacity  is  greater  than 
that  of  the  air;  but  these  polea  are  purdy  leilhin  tA«  n'a^,  ihey 
exert  no  external  actions  leoauae  the  iron  is  not  an  independent 
magnet,  but  only  a  part  of  the  external  lines  of  the  wire  and 
•therefitfe  ita  poles  are  related  only  to  the  wire.  Fig.  64  is 
intended  to  oonvey  this  idea  of  a  conductor :  i  ia  a  |>eTsptotiTe 
▼low,  A  being  the  oondtiotor,  and  the  arrow  shows  thu  direction 
of  tho  ourtvut.  B  and  C  arc  two  rioK^  of  magiiotto  force  cou- 
sin ting  of  mutcculw  polarized  under  ^ngitndinal  foroea,  shown 
by  Uiu  ilotuid  linen  connecting  Uiv  circlw  B  0,  these  lines  repro- 
avnting  tlto  stross  duo  todiffercDco  of  potential  set  up  In  tho 

■  h  mbdiilil  be  ooUd  that  that*  knoan  ttt***  tinea,  lonsiliulinkl  aoJ  circultr, 
Iri'M-il  i'tT'  »  BA)  uainmllT  bcliiTtd  till  nctdtlT,  «•  gnwniUd  flora  lh«  win, 
Ate  DOW  ufr!  itf  tbg  hf potb«Uekl  >|eot<  for  tnatftr  oftnuxxi  W  >!>&  v'vn  u^ 
praJastinii  or  surrtnt  in  tbt  wire  Ln   IIm  f•«»jM-01^ibr«&lBl  VMuir)  \«^'«~'^^^' 
aatvag  lio  fntatat,  j  466. 
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fokn'xctl  chains  ormstittiteil  l^-  static  el«ctric  hMlnottoD  of 
which  one  cbam  is  tdiown  ooiin«oting  Ibo  rinra.  Pig-  37.  p.  84, 
represents  on«  of  the  molecules  in  snch  cnniim  litigthwise, 
vnili?  tho  hori/ontal  mtows  shows  its  mftgnntic  lines.  Tho 
other  xmrte  of  Fij;.  84  are  sectional  views  showing  a  ring  BCt 
of  which  2  shows  the  nioIccnUr  conBtruction.  snd  3  conveys  the 
idea  of  the  lines  of  magnetio  constitation. 

Pio.  8*. 


104;.  A  dinned  Tnagoetio  ring  wfasn  cnt  Mn«  numifeHts  ttw 
poles  at  whidi  tho  forces  itre  concentrated,  and  ft  Mmilar  oSoci 
c&u  bo  prnJnccil  on  tho  circular  linos  of  force  around  tho  con- 
ductor. This  hafp«iui,  in  foot,  when  ft  wire  is  wound  into  ■ 
holix.  fonuiug  a  seriea  of  wiron  mUu  ly  aide,  as  is  shovrn  in  Pig. 
85:  this  is  no  mere  faite^,  the  iion  lilingH  prove  ita  tnith  if  m 
pus  several  wires  side  by  aide  through  a  cnid  nit  huforv.  Fig  8j, 
I,  Khows  the  conditions  of  a  Hinglo  ring  of  wiru,  tlto  nnit  tum  of 
a  helix — in  fact  it  is  the  conductor  A  of  Fig.  64  turned  into  t 
ring  so  as  to  bring  all  its  lower  side  into  the  inner  part ;  tlMD 

Fib.  8E. 
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it  ID  evident  that  all  it«  rinn  of  force  titid  in  the  one  dixiliis 
intemaltvi  and  in  the  nnpoMito  direction  exti;riially  :  thu  iiitt>rnit 
arrows  snow  the  r^vullunt  ningnctio  action,  as  thuugh  th<i 
ring*  of  force  oon«titutod  on  int^nal  vcitox. 


t04^-  ^  seriefl  of  such  rings,  plaoAd  dde  Ijr  Bido,  is  ahown  in 
Tig.  85  !n  verdcid  socUud  at  i,  which  represents  the  further  or 
Ion-bund  i,id»  of  the  rings  as  lookm)  at  across  tho  inMrior.  It 
■hoald  Im  atsted  that  the  cbaogo  in  direction  of  the  smalt  arrows 
ftviD  Uiow  of  Fig.  84  is  the  result  of  lookiu};  at  Ihoii)  from 
opposite  sides,  ami  is  evidcut  in  all  three  portions  of  this 
figure.  In  3,  whldi  is  a  horizontal  secttou  of  iJio  helix,  we  see 
that  the  ctrculnr  liiuia  of  furoe  of  the  adjoinint;  wires  ooufliet  oa 
tbciy  enter  each  other,  and  are  tlierefure  bruken  tin  into  tlieir 
int«ni«l  and  extemul  halvea,  wliich  then  unito  to  lorm  lines  of 
fbroeakniR  tho  whole  of  tho  winut. 

1047.  Fig.  B6  shows  how  diflinvnt  wajth  of  winding  wires 
being  then  prinotplw  into  action,  and  it  sliuuld  bo  oouparod 

FiQ.  eo. 


with  Figs.  74  and  7;,  S  9J1,  which  deal  with  the  same  Bnbjc«t 
in  a  diflTerent  manner,  i  is  a  right -hitudeil  helix  in  which  tho 
cnrrent  gives  S  magnetism  inside  it,  in  aocordauve  with  the 
following  law:  Aeumnt  vmrnng a*  iht  hanJt  0/ a  imleh  ^ve* aoMlh 
polarifu  <m  ihis  tide  Jrtm  which  it  it  loolted  at.  and  cfot  evrtS,  It 
also  give*  N  pulurity  ou  ita  onteide.  A  U-ft-handed  helix  is 
shown  at  1  willi  the  current  reversed  in  dircotioa  so  as  to  give 
thosaue  polarity  aa  i,  and  it  therefore  realty  represents  the  wire 
of  I  oontintKHl  tu  lie  wound, on Isido  the  fin>t  layer,  in  the  return 
dirocllon.  In  thiit  way  it  is  evident  that  tlio  ouTTvut  is  really 
ninnitig  I'n  (hr.  tame  Atrertion  in  aU  the  ieira  irAiVA  run  in  (Ac  »am» 
Hircrlion,  iH>  that  all  th«  inductive  nctiona  aro  united, 

1048.  ThcKn  helicc*  also  show  how  such  a  roverse  winding 
upon  ooinpoiind  armaturui  of  any  of  the  forms  of  Fig.  Bj,  brings 
all  ttio  alternately  roverfcd  actions  of  onoh  soemoat  into  a 
current  of  one  direction  thronghont,  so  that  on^one  ]^ir  of 
commutator  springs  ia  neodod  tu  collect  the  alternate  currents 
into  one:  bnt  such  a  commutator  would  require  as  many 
alternating  strips  as  there  are  sections,  iu  order  to  eSeot  the 
obange  as  each  polar  change  of  magnetism  oconra.  Sticb  a 
oommutator  resembles  that  ef  the  Pixit  machine,  i  loij,  Wint^ 
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oompowdof  a  jwirof  cyl[n(l«niwitli&1t«niat«BTi*eetcnt  «my«n 
oa  to  ooiutituto  a  crown  whe<-l  with  a  looth  W  eocli  lungnet 
polo,  no  Bpnccil  that  t)io  two  <!an  interUp:  tlie  cyliniloni  u« 
oooDectcd  to  thn  wirv  vodx  nml  H]>ring»  nreaaii)^  on  thom  tolu 
the  ourronto  always  of  oDo  direction  to  tlu)  tcrroinals. 

la  machinm  of  tlie  SiomeiM  coro  trjxN  S  io;5i  needing  oaly 
two  eegm«Qt«,  tlio  Imth  bocomo  half  cylindurs,  wbioli  «n  ao 
fonaed  that  the  diviaion  is  digbtly  diagonal,  as  shown  at  0, 
Fig.  9f ;  this  aroida  comploto  break  of  circuit  and  dimiiiUbn 
buniini;  by  sparks. 

1049.  in  $  1044  and  Fig.  84  it  is  ahown  that,  as  a  conrnquotm 
of  linear  electric  atreas,  there  are  formed  riogB  of  maf;u«Uo  coder 
at  ri^Ll  aoglea:  then  wo  ranet  expeot  fioiu  uia  normal  nlatioM 
of  otwtrioity  and  magnetiam  that  line*  of  maguetw  atrMs,  audi 
as.aro  formed  iu  the  ma^etlo  field,  ahoold  tw  attended  with 
ringi  of  electric  polarization  forming  aeotiona  of  tho  field :  thia 
is  too  offoot  ahown  in  Fig.  )i,  p.  8^  and  in  Fig.  77, 1 95 3  ;  then, 
treating  the  electiio  tttreaa  a«  Ixitug  tho  aeuvo  mum  of  the 
.  diffcrontial  arrangement  of  the  +  and  —  endH  of  moleculM^ 
tile  filoctrio  ring*  mutit  ooniiitt  of  molocnlcH  cml  to  end,  while 
the  magnetic  ringa  consist  of  molecnlea  side  bjr  side,  with  tho 
eleolrie  line*  pofsing  throngh  them.  It  ia  deeu«ble  to  dearly 
rcaliio  thia  now  in  onlor  to  trace  tite  action  which  oooitra  in  • 
wire  when  it  ontoni  a  magnetic  field. 
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1050,  Fig.  87  rcproaents  a  bar  nuguet  NS  with  ono  of  th« 
rin^  of  eleotrostatio  order  fonaed  on  tlw  IIdm  of  forcu  iEeiilni^ 
Atom  Its  north  polo.  C  is  a  oondnotor  carrying  a  current.  sncU. 
ma  tha  ring  <if  Fig.  65,  j,  and  iiliowa  how  its  magnoUo  lltu-s 
agree  wilJi  tlioeoof  NS,  the  rosull  of  which  ta  to  draw  Ihc  xi  [r... 
to  lh^  middle  line  of  the  magnet  where  theaiim  of  lin  ,  >. , . 
meata  ia  groateet:  in  Hxim  oia&\\io'a»  t!hft  currant  aii>I  ii.iki;uut_ 
aoite,  S  1043 ;  the  space  witYtm  ^^  ^Vt«  \«;«ai\w  '\!»'*-  '^  "^ 
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nucnet,  aod  th«  retiini  l!n<«  or  force  kre  dafleot«d  to  Uio  ouUildft 
of  ua  wire  wh«ro  tltoy  iitito  agreo  with  its  liaea.  But  if  thero 
were  no  eurrvnt  in  C  n  tli{lVr\.'iit  wt  of  oonililiotitt  wotiltl  eoaw 
into  pUt.  Tltu  fuU  HtXi  cannot  bo  drawa  iw  M  t4>  Iw  IdIoI* 
liiribro,  Dut  a  liltlo  oonmdonitioa  will  eliow  that  tho  Rpaoo  iH 
fltlcd  with  such  circloB  ah  thitt  shown,  of  all  tltnmctcn ;  thoivforo 
thu  wirti,  lu)  it  apprixtchoe  the  pulo  N,  will  ho  continuiiUy 
mitcring  frcflh  circles,  with  thoir  nmgnctic  lints  in  (liRi.iront 
direotioiut,  bo  that  its  uoIgcuIets  will  bo  solicited  in  conHtnntly 
chaining  directiotLB  in  order  to  accommodate  thenuolves  to 
tbom  dunging  conditiunti,  with  the  result  abown,  §  8i;. 

1051.  Id  Fig».  66  and  69  we  can  see  wliat  happens  when  a 
wirocriMaeatho  linea  of  forco  of  a  magnet.  luFig.  86  we  have  a 
vortical  Bcotiou  of  the  field  botwoon  th«  pok-a  of  a  horseshoe,  or 
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thoM  of  a  dynamo  machine,  showing  Iho  linn  of  magnotic  force 
and  the  ramlting  olcctrio  rinyt ;  Fig.  6^  is  a  Motion  of  tho  unie 
Jiold,  in  which  wo  can  soo  what  ooonra  in  a  win  travendng  it  in 
till)  direction  of  tho  arrowa:  aa  it  ocoopios  tho  tovorol  Ttrtlcal 
dottod  lines,  it  cats  circle  aftor  circlo,  in  each  of  whioh  thoro  is 
different  angular  relation  to  tho  wire,  which  would  ruanlt  in  a 
rcilntion  of  the  moleoillea  in  a  spiral  lino  around  tho  win> ;  bora 
wo  have  thu  explanation  of  what  oooon  in  ormaturoH  of  tba 
Griiniu  and  SitiDiona  tjrpes. 

IOS2.  Snob  a  field  l)etwoen  two  polos  may  he  regaidwl  as  a 
Larniaguot.  without  roliiru or  oxteniallines.  Thorofore  when  a 
helix  oooupiea  tho  Bold  its  wires  conx'sjiond  to  the  several 
circles  shown,  and  tho  moleoules  must  form  a  continuous  chain 
curres]ioiiding  to  tliMO  oirolos,  and  in  taking  Vk^  ^"^^^  vm>>^»u  ^^ 
sioiihu-  apiraJ  rutatioa  ia  nooeesary. 
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If  Uie  Iwlix  oontalnn  ah  iron  con  it  oonoentnitoe  the  lines  of 
Ibrco  mwa  upMHtily  aixl  inor»  oomplololy,  eo  that  Fig.  8S  ahovs 
ns  what  ocoiirn  in  &rtnntnrc«  of  tho  tynee  of  Fig.  8). 

If  wo  conjudor  tho  action  of  a  ling  desocntlinK  vertically  npob 
N  wo  b«vo  n  nimHficAtiot)  of  $  1049,  and  a  more  full  idea  of  Uut 
action  on  tho  wiro :  this  is  shown  at  C  as  at^in  a  spiral  rotatiiw 
of  tho  molocnloB,  TMRiltini;  from  their  relations  to  Iho  difTurant 
circles  into  which  tbo  difforont  parts  of  th«  wiro  enter. 

10$}.  CDftREMT  i«  A  61-IIIAI.  M0LECOI.AB  RorxTioK. — ThattctioDR 
thne  ^rceontwl  indicato  that  electric  current  \»  not  |>ropi«atod 
in  a  direct  line  along  tho  oondnotor,  luit  in  a  spirul  ronniT  tho 
ocodiuitor,  §oe  §  912.  Sach  a  spiral  program  of  appartrnt  linear 
notion  ia  fbnnd  in  other  oaBea:  in  a  vikmtiiig  inAtal  rod  giving 
out  a  mosical  note,  a  looaa  ring  of  papor  otintmi  to  n-nt  on  tbu 
nodal  points  of  the  vibrations,  and  thcM)  furm  a  Hpirul  lino 
aroand  the  bar;  the  phenomena  of  polarlzod  light  indicnto  that 
the  undnlatJonA  take  place  in  all  nlanca,  which  cornMponds  (o 
a  spiral  propagation,  juHt  aa  a  oorkwruw  looked  at  oagomya 
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ajipcarM  as  an  undulatoi?  line  and  is  really  suoh  an  undulation  in 
all  plaiiCH.  ProFtwncir  Hughes's  examinations  of  tlie  pbeiinineu 
of  nu^^otism,  inilicntv  tlic  existence  of  this  spiral  inolotnibi 
arrangement,  rather  than  a  diruot  linear  polar  order  of  tho  moJa- 
cnlrM.  Ti)o  subject  i»  not  lipo  for  very  definite  opinions,  but  I 
offer  Fig.  90  lui  Hnwcslive.  Aacuming  tbut  a  "  positive  "  ourreil 
impliM  a  rittlit-hut^ud  rotation  in  the  wire,  we  bavo  an  obvii« 
cause  for  tlw:  direction  of  tho  magnetic  circles  corrcupumiiiij^  ^ 
it:  for  thiK  purpose  it  iaof  no  moment  which  may  \iv  tin-  rutin' 
direction  corn's  ponding  to  tlio-f-cunent.  bocatuic  inir  iniiti 
tile  point  of  the  amm- oonreanond  to  N  magnetiiini  is  pn 
arbitrary. 

By  reference  to  Fig.  8C  it  will  ItoKcen  that  90,  i  and  2.aro 
front  turns  of  a  right-handed  helix  with  the  cuiTCMt  in  tho 
directions,  while  j  and  4  are  the  snniu  fur  a  k-ft-handed  hi 
I  anti  4  also  ehovt  w\jy  *  T\(,\iVha.ndod  helix  w  tho  same  t! 
as  a   Juft-haiidoti  lieUx  at  VV« -j^Jwit  («A,-«\'i;ft.  vstovwAi-vn. 


utd  tliomforo  the  ■*»«  ougnetu)  aotiona;  2  ami  j  idiow  tfao 
MBw.  u  tho;  u«  exit«tly  uiktt  coeept  that  the  IfAgiiininf;,  or 
longer  oni),  ia  osi^uuieod. 

io;4.  Tick  Pin.i>  MAaims.^ — ^Th«so  are  now  made  in  a  gmt 
variotT  of  forms,  somo  long,  Rome  short,  mm*  MnuKht,  and  somo 
carved;  all  this  relate*  to  dotaiUi  of  comrtmctioii.  vsriabia 
vnth  the  ideas  or  tho  fancy  of  th«  makor,  but  thoy  are  all,  in 
principl(>,  horseehoo  maniotM.  In  ibc  early  machince  with  st«el 
marplots,  they  w«re  of  trto  )iimp1c*t  form  ;  Iiit«r  on  donhle  horeo- 
BhoeH  forming  common  poloa  Id  tho  middle  vren  geneiBlly  em- 
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ployed.    Fig.  91  ahowa  the  naiial  Gramme  t)-pe,  and  Fig.  92  tbo 
form  omployed  by  Siemens. 

The  nDgU  horseshoe  littod  with  pole  picofo  Jk  now  most  in 
fhvour,  and  •omottmca  it  is  mounted  with  it*  polo  pivtNW  down- 
warils  in  tlio  noighboiirfaood  of  a  massive  ItMic  plato  of  iron 
whi«h  tenda  to  draw  the  lines  away  from  the  anuatun>.  The 
base  plate  may  pnt)M*Tly  form  the  "yoke  "  of  the  luugnvt,  aa  tho 
linoa  of  foron  do  not  issue  there,  but  no  iron  ou{cht  to  bo  allowed 
in  the  vicinity  of  the  [>oles,  and  more  especially  it  on^t  not  to 
he  near  tioth  ]M>les.  It  would  appear  that  tlie  double  honoaboe 
of  Figs.  91.  92.  Bhonld  conocatrate  the  fletd  u)>un  the  annatnre 
space  bettor  tlian  the  single  form  of  Fij^.  98,  but  thecowt  of  oon- 
Btrnction  may  bo  greater. 

loss-  Action  op  Field  Maoxcts. — One  of  tho  primipal  cle- 
meuU  of  tbo  E  M  F  of  maohtnca  la  the  "  intcimity  nf  the  tiold," 
the  nnmber  of  "linea,"  S  9(4,  travcrKing  th«  aimaiTinMipiicip, 
diff«rent  systonis  of  supplymK  the  field  magnota  arc  rmuloycd. 
Id  the  original  machinui,  witli  ncrmaneDt  uutEucts,  this  element 
18  conjparatively  fixu),  and  tfierefoTe  tlio  E  M  F  gcnonite<l 
depends  npon  its  olfaer  i>leiui-nt,  tim  itngnlar  volodtv  of  the 
armature,  or  tho  rato  at  whidi  tho  wire  Uuistn'raM  «vo  \\\ifc»-. 
therefore  in  any  gircii  muctiino  ol  t\u8  Vjv*  tinra  BUL^  wV'^'V"'" 
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lumal  to  the  tpftd  o/nntalim,  so  long  «a  tbe  intensity  of  tli«  field  ii 
constant.  Tbo  same  law  applies  to  electro-nagnotn  fed  by  on 
indopendent  source,  saoh  as  u  aeporate  uuuihiiie,  or  *  diiitiDOt 
•nnaturo.  Thb  last  plait  \a  not  quite  ho  regular  aa  tlio  uth«ni 
boceuao  the  field  ui^iet  is  itAelr  niocliliL-<l  by  ttio  reactions  of 
the  armature,  as  are  its  auTeiol  relstiouit  to  two  or  moro  armo- 
turoH.  Kwn  Willi  poriiiaiieut  magnets  a  iliHtiirliing  notion  ocotin : 
pidtti  ara  iniliio<:d  in  the  arinatnro  1>y  tliu  field  mitgnots ;  ts 
itOlM  foniiK,  poliiritUm  are  nlno  induced  by  tbo  ourrent  in  the 
anaatanw,  and  tliix  Tarico  with  tbo  extomnl  ixwlBtance:  sach 
cauMM  modify  thu  JutonMity  of  tbo  fa-lil  in  practice.  la  tha 
ordinary  maoDinos  tho  oonditions  of  thu  Sold  arc  controlled  by 
diffiiront  modea  of  winding  ouil  of  distribution  of  the  feeding 
GOrront  «B  explained  §  1076. 

1056.  Li^mcemmt  of  the  Field  Pota. — Tho  axis,  or  dirootion, 
of  a  magnetic  field  of  force,  is  of  connio  the  straight  line  betwcn 
the  poles,  and  the  central  polar  focus  of  such  niagneta  as  Pi^ 
98,  99  is  ohriously  tho  middle  of  tho  iron  ;  but  this  is  uo  longer 
tho  case  when  a  rotating  armature  is  in  tho  field.  Two  octiou 
then  occur,  which  distort  the  normal  oouditions.  ( 1 )  Tbo  wire* 
thomsolvrs,  carrying  earr«nts,  hare  afEnities  with  tbo  linea  of 
forooin  tbo  fidd,  nitd  act  upon  tbein  juat  lut  a  nwtviiig  body  due) 
upon  ft  liquid,  ho  tbtit  tho  liiiea  uf  foruo  iiutoad  of  lying  in  the 
norma]  position  of  the  Gelil,  itro  drawu  aaido  in  the  dirocliou  of 
rotation.  (3)  Thu  iron  of  tbft  uniiaturo  does  not  attain  full 
ttii4(netiKia  until  it  has  passed  the  foirtui  of  tho  polo,  bcoaiimi  ii 
tnkc*i  timu  to  magnetize,!  lOii.  But  tho  polo  formed  in  the 
urninlure  attracts  tho  field  pole,  and  uM  tho  mlor  posilion  ietiot 
fixcdinamossof  iron,  ft  50,  tho  field  nolo  it«clf  follows  the  amtv 
tuTo  polo,  and  tho  polnr  line  of  tho  fiold  mngnetH  in  uo  longer  xym- 
metrical,  and  at  right  angluH  to  tbo  Itno  of  tho  niagnet,  but  it 
drawn  Ibrwaril  in  tbo  direction  of  rotatiou  of  the  armaturo,  at 
shown  Fig.  61,51009. 

10^7.  Ah  a  consequence,  tho  neutral  poiata  of  tho  amiatan,! 
ittielf  art-  uo  lotigir  on  n  central  line,  bat  are  movod  furwiird  k] 
tho  diruotiou  of  the  n>tiiti(;n  to  on  extent  varialilu  wifii    tJi 
currents  Mseiiig,  and  aiturititc  external  resistance*.    This  nouti-n 
point  ts  tnatat  wfaioh  no  EMF  is  wet  up  in  the  wireocciipyii 
it,  and    therefore  it  is   tho  iHisitiOin  at  wbii^h  tbe  colk-ctii 
liruslicH  niiist  l>e  sc-t.     If  tbo  bruslie«  are  on  uittiei'  side  of  tj 
neutral  point,  tbe  local  B  M  F  sots  up  oiiTTUitta  reeidtiug 
sparks  at  tho  limsbes ;  a  certain  amount  of  "  l<«d  "  h.ia  tbei 
fore  to  he  given  to  tho  brusbee,  and  n  power  of  adjustment, 

ivviiig  oa  au  am,  to  ooia\rt:nm,tA  fot  chani^  in  the  nont 
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The  propor  poaition  of  Ui«  bnuhos  u  a  principal  iliBlinction 
between  dynamk  gwonton  and  tnoton,  m  in  these  lattor,  tho 
ourront  lieing  tiipplied  fKxn  witlmul,  notx  up  an  entirely 
ditTereDt  rwotioD  botwmn  tho  poUr  poMtiouH  of  the  field  and 
annaturo. 

io;8.  SiKuns'  Coilb. — This,  montionod  S  1019.  ii^  ebown 
Fign.  9J.  94 :  A  ia  a  eolid  aoFt-iron  mam,  vt  a  section  re«om- 
bling  that  of  all  U  girder,  with  tho  facc«  turned  down  to  arcs 
of  ft  drcle.  It  is  now  geuerally  built  up  from  thin  sheet  iron 
punched  to  the  proper  shape  and  strung  upon  an  axis  fitted 
with  a  shoulder  near  one  end,  and  a  screw  nnt  at  the  other  to 
prou  the  sheets  together :  if  the  stampingB  aro  niiule  with  one 
end  only  of  the  form  xhown  in  the  middle  of  Fig.  94,  and  strung 
altomately  on  tlie  apindlo,  there  will  be  air  epaeoii  formed  in 
tliv  poles  wbieh  keep  the  armatuio  cool  without  much  nffuoting 
tlio  magnetic  capacity. 
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The  wire  is  wound  longitudinally,  as  shown  in  section  in  the 
middle  of  Fig.  94,  The  coil  may  bo  covered  with  a.Bheftthing  of 
wood  so  as  to  fona  a  solid  smooth  cylinder,  with  grooves  iu  the 
fsoo  tocontain  fitsteniugs  to  hold  tho  wood  in  its  placo.  Ou  the 
onds  of  tlw  armatnro^  brass  pistes  are  socurvly  screwed  to  form 
the  axis  of  rotatioDi  and  carrying  at  one  cud  p,  tno  driving  polley, 
and  at  the  other  end  the  eommutalcr,  e.  This  consists  of  a 
cylinder  of  ebonite  fixed  upon  the  axis,  upon  which  are  secured 
the  two  halves  of  a  gun-metal  cylinder,  cut  diagonally,  as 
shown ;  the  ends  of  the  wire  of  the  anuature  art>  led  tbroogh 
tho  end  pieces  and  secured  to  these.  I''ru<)uently,  one  of  uto 
ooonecting  pieces  is  fixed  to  the  axis,  and  one  end  of  the  wire 
to  the  armature  instead  of  isolating  both.  Springs  like  a,  fitted 
with  a  tamed  pad  of  steel  or  other  metal,  press  upon  the 
cylinder,  and  take  np  the  current,  or  bmshea  of  wire  may  bo 
used. 

lojj).  The  Siemttu  core  is  used  in  a  vftridlv  ol  «m<^  twAw*, 
BcnnotinwiB  with  ywrmanont  field  mftgoetai  onA  «Qimti<\Kv«ik  -«\<>x 
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ekotio-m&enets,  and  »  sliK^t  ctuui{^  of  fonn  is  oolitidored  to 
improre  the  action ;  either  the  &eld  epaoe  is  diaaged  bjr 
allowiDg  euvh  pole-piccs  to  partly  overlap  the  circle,  or  tbo 
fiora  ibielf  ia  made  alif^htly  elliptic ;  in  either  way  a  gndiul 
anproaoh  Itt  mads  hy  the  armature  inatead  of  its  at  oqoo  ooming 
otme  np  aud  lOMutaiuing  a  ooiutaat  apnoe  botween  tfa«  Cmms  of 
anuature  and  field  polea. 

io£b.  T\w  field  nayntt  pol^piecea  only  are  Rhown  in  Fis.  94 ; 
a,  a,  art:  twu  bloolui  of  caatt  iron  of  ttadi  leneth  as  may  be  iv 
(inirLM),  •H;]iar.itod  by  bludu  of  wood  or  ouier  iMU)-m^:Betio 
Bubetaiiou,  Olid  bolt^id  toguthur  by  bnuw  or  (!op|i«r  (aatenui|[s; 
A  cyltudricttl  opening  b  buittd  thnnigli.  in  whiuh  the  armature. 
Fig.  9J,  rotaUM.  At  the  projiur  intvrvaln  them  are  lugs,  aa 
ahown,  to  wliieli  ntv  to  bo  K>Ite«t  tho  actual  niiurnols;,  «itber 
aleel  ur  soil  iron,  an  nMiuirod :  n,  a,  form,  !u  fact,  tliu  [ioImi  of  a 
compound  mogiivt,  nnil  miiy  ku  miule  in  tmpAritto  pi«cM  fur  each 
niagntit ;  all  Htirfiiucs  in  ounbict  with  the  trwi  mHgnvt  beiug 
oarefuUy  frnxKl  ko  iw  to  eocuro  a  htrgo  iturlaoo  contact 

1061.  The  Gramme  machine  woa  tho  fint  pntctioal  nuiohiae 
with  a  tmo  ring  armature,  i  S4;,  the  princip»l  diatinction  of 
which  i§  that  it  I'nmitihcn  a  untibrm  and  MMtant  eumml  n  om 
rftV^dion,  while  otbon  fpvn  intermittent  and  alternating  correnls. 
which  have  to  be  arratigud  by  tho  commatator.  Tho  reaaon  is 
eauly  seen ;  in  tho  earlier  machines  tho  wire  in  whicli  the 
oniTCmt  is  act  up  ia  oonstantlv  altering  Hh  position  in  tho  fieMi 
and  ia  Qs  a  tehote  rabjectoa  (o  a  growing  and  diminutbing 
action  in  two  opposite  dirootiona,  lienoo  tho  E  U  F  6ot  up  is  qT 
the  nature  0/  a  tiiMcMum  of  wan^  altcmatoly  rising  aboTQ  aod 
below  the  zero  line,  %  496 :  and  tho  current  reaombles  the  i: 
set  np  bystiokcaof  ajpump.  In  tho  Giammo  machine,  al  ' 
tach  part  of  tho  wire  ]«  constantly  changing  it«  rolation 
acting  magnetic  liol<l,  i/et  tht  teire,  a$  a  whole,  never  obangea  it* 
relation  to,  or  position  in  the  field ;  hence  the  inductive  con- 
ditions set  np  arc  constant ;  the  E  M  F  aet  up  is  0/  tite  nature  1^ 
a  amslant  fall  0/  ieat«r,  and  the  current  is  a  steady  stream,  w 
undoistand  how  this  is  arrived  at,  it  is  neoevary  to  easmiso 
tho  apparatus  and  the  conditions  from  several  distinct  pwnta  of 
viow,  S  1065. 

lo^i.  The  Oramme  armalare  differs  from  tboes  of  the  CWbo 
type.  Fig.  Sa,  },  in  being  a  olosed  ring  of  metal,  instead  of  an 
iron  bar  forming  tho  oore  of  au  eleotro-magnet  induced  by  tho 
field  poles;  yet  it  ia  reuUy  just  sueh  a  bu-,  if  we  consider  ito 
true  functions  :  it  will  be  seen  in  S  io56  that  it  ia  rouUy  two 
such  bars  dividing  the  field,  and  uniting  tb^  ootioas;  the 
wire  upon  them  being  ho  arranged  as  to  unite  tho  oarrenti 
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devalopod.  la  onler  to  afieci  this,  the  wiro  is  not,  na  in 
orditwiy  olcotro-ma^eta  a  lengtfa  of  wiro  having  two  ends 
foruuDg  a  ooDStaat  circuit ;  it  is  a  oontinnoufl  ancl  «DdIe«  [neoe 
of  wire  wound  o»ex  ©voiy  port  of  the  ring.  Two  diotinct  wine, 
flftoh  with  its  two  ends,  aro  really  thero  as  to  action ;  but  these 
ends,  oxistiDK  under  the  bnnnes,  are  not  "  objeotive,"  tbejr 
trarel  along  the  pbysicaUy  endkes  wire. 

Nor  does  the  current  flow  through  thia  cironit  in  its  entirety, 
first  one  way  and  then  tho  othvr,  but  two  opposing  curreuta 
How  iu  the  oppotiing  halvee  of  the  wire,  or  uu^re  Htriotly,  no 
onmnt  flunti  m  the  wir<^  but  e(]ual  opposing  K Bl F  'h  arv  set 
up,  wbioli  unite  iu  produoiug  currvut  if  au  external  conductor  la 
provided. 

ic£t.  Till!  oouotruotion  in  oxplainod  by  Fig.  95.  Tbu  core  U 
fornied  of  hoop  itou,  or  prvfornbty  wire,  wound  iu  a  ring  to 

Fra.  95. 


avoid  Foaeaal  t  eurrentn.  The  oondnetor,  of  the  siae  propartioDied 
to  the  EHPondontrent  to  bo  obtained,  is  wound  oantunumsly 
over  the  core  in  ono  dirootion  and  its  ends  joitkod  toge^er  1  bnt 
though  this  wire  in  cndlees,  there  mast  be  a  constant  oouoection 
with  it  at  the  points  whcro  it  is  out  by  the  vertical  line  +  — . 
Lookitty  al  thf  armalvn  at  a  loholt,  and  as  reganla  tU  rulation  to 
the  ma^netie  field,  tho  E  U  Fs  aet  np  are  ohown  by  the  arrows, 
which,  it  will  be  seen,  represent  the  same  conditions  as  a  pair 
of  c'lual  batteries  connected  with  their  forces  opposed,  as  regards 
themselves,  bat  in  multiple  are  as  regards  au  eUuTva^.  «nx<8<«^^ 
Iu  such  au  external  circuit,  thunfotia,  Vb«^  unx^voia  V  «a>>'^'^ 
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a  current :   if  no  oxtoraal  oircnit  i«  providod,  uo  curmnt  ii 
generated. 

to6i.  13ut  Uie  different  part*  of  Ihc  armaltire  am  ooDstADlly 
cbADKiug  their  positiona  in  the  lictd,  and  ttiorcforc  a  tomponry 
or  shifting  oonnectioD  to  the  wire  hn  to  be  made,  a»  each  of  ita 
turns  OTOBsea  t]ie  vertioal  lino :  tliie  is  effected  I17  the  eommMiator 
oompoaed  of  a  couUct  i>Ute  for  eacli  (urn  of  the  conductor  for 
large  ourrcnla,  or  for  each  of  a  numbor  of  divisions  of  tlie  oon- 
diictor  aa  ahcvrn  by  tlie  dotted  lines  in  Fig.  9(,  which  ropreseat 
the  connecting  wiru;  brushea  preasing  on  tlie  contact  pieces 
make,  praotSoally,  a  constant  connection  with  the  two  Lalres  of 
tkeoircuitontbe  vertioal  lino.  Thus  we  hare  really  aataHonary 
eloctrlo  ctraiH,  tliougb  the  wire  compoainc  it  is  oooataotly 
changiiiff.  jtiat  as  vie  linw  a  fixed  Riagii«tic  cirouit  or  fialo, 
thougb  Uiu  iron  in  which  it  ix  formt^l  in  changing,  S  103;. 

10S5.  If  woconceiro  this  anantiirv  iiuKirtod  in  iho  plaoo  of 
tlie  Sioniens  armatttro  in  Fig.  94  wo  can  trace  ita  relations  to 
the  magnetic  field,  and  note  liovr  a  ring  armature  diSura  frura 
the  bar  or  lioraeshoo  types.  In  tkocc  lattvr  tlio  aratnture,  of  a 
uhoU,  reverites  ita  relation  to  the  magnetic  field,  and  oatwiMo*  too 
datinel  tonditions  ai  different  (I'mev.  m  the  ring  type,  Ike  differmi 
parl$  of  the  annature  aseume  these  oonditions  nicossstwl^,  tai 
thus  aot  np  a  rotation  of  the  molecules  of  the  wire  aa  iu  otlier 
cues ;  but  at  a  whole,  ike  two  dittinct  conditiont  are  attumrtt  at  lb 
tame  lime  in  the  two  halves  of  the  armature  on  oaoh  aido  of  tha 
vortioul  lino  in  Pig.  I03. 

In  tbu  rotation  of  a  honetkoe  armalure,  the  E  M  F  act  up  In  lilt 
wire,  0*  a  whole,  Taries  with  ita  distance  from  the  magnet,  pre- 
duuiiig  tlie  wave  of  currents  S  JoSi.  As  the  sections  of  tlie  tii4 
OQOiipy  all  these  noveral  distances  at  once,  tlio  Miino  Vttiyjng 
£  M  F's  arc  set  up  in  them  at  onco,  as  iu  the  honesboe  wir«  il 
Huooomiro  pcrioda ;  but  these  sootions  being  connactvd  in  raria^ 
they  act  as  do  a  series  of  colls  of  different  ElCF')f,aiicI  (^ 
resulting  E  M  F  in  each  side  of  tho  ring  is  constant,  and  is 
sum  of  mI  those  uf  tlio  soctions,  a*  aliown  in  Pig.  9$. 

1066.  TitEoBY  OP  TRs  Grauub  Ri80, — Tlioso  sutiunsare  b1h> 
in  Fig.  96.    K  S  are  Uie  field  poles,  not  to  far  extouded  ob  ia  a 
usual  in  practice,  and  leaving  out  of  cooHidoration  the  distort 
of  the  field  explained,  $  loja    If  wo  consider  tho  wii«  ,-,!<, u 
we  see  that  it  is  (1)  a  helix  traversing  tho  field  and  cullni;'  ;. 
lines  upttardt  from  5  to  3,  and  downwards  from  3  to  ;,  tit  1    :. 
producmg  o|>pueite  ctirronts  in  tho  two  halros  of  its  ruUti 
(2)  That  the  helix  (disregarding  the  edges  which  lie  pan 
inth  thu  lines  o(  f otc«\  cotonita  o(  twu  wires,  on  each 
cutting  the  Unoa,  t^«wot«  \\wi"«ia>wX\ft*Kii.«  ■«&.• 
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eaoli,  ^n«nitiiig  «n  nppoging  K  M  F  in  eadt  tarn  of  tha  wir«, 
•oniewhnt  struDgcr  in  tho  out«r  posilioii  tliuu  in  tliu  inner, 
ImiauMs  (if  ittt  grvatcr  ncameae  to  (ho  polv.  (j)  If  wo  now 
■n«crt  th«  iron  vorv,  an  in  If'^g.  97,  it  aliMrliv  itio  linuH  uf  forou 
into  itM'lf  by  its  greater  capacity,  am!  thcMi  limw  now  I'xist 
only  in  (At!  tpaeei  hebeem  ikefieUl  jiota  and  Up  riaij  iturlf:  tliu  iion 
cor»  bvconiM  n  sliiclil  to  alt  tlio  «.\af^v  ivilliin  itnrir,  nnA  oou- 
ltitiit«H  practically  a  ma^ticit  iiui<[>(m(l<'cl  Uitwi^cn  tliu  Iwi}  &i;ld 
^loai.  This  rcHiills  in  twoacliuu^  (4)  TV  ftrJix  ■«  n^^  rrWrwl 
tnto  a  titt-jU  liius  of  wire*  tullia'j  iha  liar*  of  foTfe-,  iinJcr  tlic  con- 
ditions of  $  1051.  Ko  (>{>pcjHii)^  E  M  K  i«  si't  np  in  tliD  iun«r 
portion  of  i\a  wirva,  indi;pil  iLtty  aJil  the  iu;tiou,  bucanso  wo  may 
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ntguxl  the  Hystuui  u  «  bar  nuignet,  tlie  core,  travendne  a  lidix, 
}  Qjl.  (5)  But  tliongli  thu  maynet  infixed  in  npiuw,  the  iron  in 
which  itoxiita  im  l)cin)i;0(iii>luiil)y  cliangiii] ;  oliangu  of  inagitvtio 
stat<i  niMiis  alteriH]  rnolt^cnUr  urrwgirtiu'nts,  a  (xtnsoqiivnt  rota- 
tion of  tlio  moluouloi  witli  tliu  iuH;uni|iunying  rtaeticn  ujion  itn 
Barron nilings.  Thii("poliirintnjvi;i>iiiin  '  iHconndervd  by  Oiiut 
Un  Moncul  to  bo  the  chli-f  nuarcu  of  BMF  in  iho  (iTuiuuio. 
(6)  This  coDBtant  magnvtin  cliangu  in  thu  inin  hiut  a  diMulvan- 
tngc«.>U8  Tcsnit,  bocaiiso  it  licatx  Um  iri>n,niiil  in  duiilily  iiijnrioutt, 
by  tliu  coiueqnoDt  waato  of  vnvi^y  niiil  by  incrvaaing  tlui  mriat- 
anoo  of  th«  wiro  by  tho  Iivat  tliun  givun  off,  in  luliUtion  to  that 
dn«  to  the  cnrront  in  tbu  wirv. 

1067.  'i'uK  SiBMHHs  DnvM  AiLXAiUKK.— Thia  «ct«  on  precisely 
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tho  ennic  principla*,  excepting  tho  helix  and  mafpiet  nflmt 
rororml  to:  though iUooiitrtnictiDn  iaauchaa  to  bring thom 
aotiun  in  k  diRurant  maniivr.  Tlw  oore  wut  at  finrt  a  oylii 
of  irun,  vrhiob  miiy  bo  rveardcd  wt  »  kiifj^hniiiMl  rin^,  of  whidi 
^>t?-  ^}<  }  ^'^y_  '">  Tvganlocl  UK  a  Rcctiuii,  knt  this  tias  tieen 
roptaood  br  ooilod  wirv  ildH  }>y  iIikce  of  HlM»t  iion,  suitably 
spac«(l  to  allow  nir  circulation. 

Tho  teire.  is  woiinil  along  th«  lungth  and  aoroea  the  enda  of 
the  orliudor,  so  that  it  mprosonts  only  tho  single  wire  ontlinc 
the  field  on  each  udo  in  oppo«it«  directions,  in  tho  air  spaoB 
hetwoon  tho  field  polos  and  tho  ooro ;  h«noo  llio  wire  oroMEiiic 
tho  ends  is  inert,  serving  only  to  oonnoot  the  active  loQgitiKlitiu 
portions.  Tho  wiro  is  dividod  into  8,  1 1.  t6  parts,  aooording  to 
tho  eim  of  tho  machino,  all  united,  by  moans  of  the  oonuaatirtor 
senueDtSt  into  one  endless  wire,  as  in  the  Qranuno,  but 
differently  arranged.  Many  dilTcrent  modes  of  winding  hav* 
been  dovisod;  in  tho  original  aiachin«>s  tho  wire  orosaw  tito 
ovlitiJcT  diamotricallT  at  one  end,  but  nt  tho  other  pnaitc  fran 
th(i  middle  of  ono  polar  arc  to  tho  oxtremity  of  the  other  arc 

1066.  The  mudin0  of  the  wire  is  so  arranged  that  tho  lsy<r 
which  is  on  each  side  btciug  the  middle  of  the  polo  picoi;  cone- 
Hjiuiidn  to  one  turu  aroaud  the  cylinder.  Let  us  concuive  aa 
armnttire  of  8  auch  tnruH,  tbunifure  of  t6  wires,  of  which  ths 
oKMnding  turns  i,  \-i<j  dball  be  le^ardcd  on  related  to  tlie  !! 
polo,  uud  on  the  leH,  imnd  (as  in  Fig.  96),  and  the  dMoendi^ 
tuniH  i,  4-1&  as  rolatei)  to  the  S  pole  on  the  right  Lot  oa  bona 
with  I  at  tho  middle  of  the  K  pole,  and  conneotvd  on  uw 
fuiiber  end  of  tho  cylinder  to  the  lower  end  of  16  which  fiwM 
thi'  middle  of  tho  S  polo.  Tho  commutator  oonsislH  of  8  stiiH 
which  we  may  call  a,  ft,— A,  of  which  a  lies  noaroat  to  wire  1: 
tliiM  upper  end  of  wire  1  is  now  led  aoroaa  tho  end  of  tit 
cylinder  to  the  upper  end  of  the  S  field  pole,  whore  it  dusccD^ 
UK  wii-e  2  :  the  winding  has  tliua  advanced  one-eighth  of  lb 
circunifereiieo,  against  ihv  hand*o/lhe  inaleh  ;  tli«  cronii  wire  is 
connected  to  armature  segtuuiil  a  :  tliat  in  to  auy,  the  en<I  of 
I,  and  Itf-jiniirnif  of  \nitt  3,  are  joined  together  at  a.  Wiru  3  x 
VOID  111  t:ni.-ing  at  a  and  crtwaing  the  lower  end  to  tlio  pdiot  c 
etubth  furtier  advanced— lh«t  is.  to  opposite  tho  lowdr  r«.ii, 

E>lo  N,  we  may  oomiider  as  wuund  round  and  round  thocylii, 
■twoon  3  ana  ),  ao  as  to  fill  up  one^ighth  of  the  c^-lindc-r ; 
tuniB  in  the  space  oorrenponding  to  3  and  )  therefore  coimti 
uue  helix  vnisuiig  tlie  cylinder,  and  conatitiittug  the  next 
lection  of  winw  wbioli  will  come  into  tho  higliuAt  action 
cylinder  ri'tAles  in  thu  direction  of  the  faandjH  of  a  watch, 
entl  of  j  and  tliu  beginning  of  4  are  in  like  manner  connect' 
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Mgnicnt  h  of  the  oommutAtor,  that  in  to  ny,  to  the  next  ono 
to  1,  working  nitiui]  th«  oommutator,  tm  tho  wlro  itMlf  doos 
agikinst  Uk'  hiiiids  nf  tho  wntah. 

1069.  TAa  ntnifral  poinU  an,  m  in  tlio  Ommmo,  on  ttio  Y«rti«al 
Moction  of  tlio  GoM,  kitd  tlio  oiirronta  iwt  ap  in  tlio  Tuiona 
BMtiotiB  of  tho  ring  1110  jnst  liko  thorn'  in  tlio  Grnmnio  nx  shown 
S  1061  and  Pig.  q^.  Rnt  littlo  E  M  P  ih  gonc-ratctl  in  tho 
sections  4-5, 6-7,  which  occupy  tho  middlo  of  tho  fiolduid  whom 
onde  nr«  connootod  to  llie  oommutAtor  KO^onts  nwr  tho  nontnl 
lino :  they  only  conduct  tho  cnTTcmt  to  tho  ncntral  pointa. 
Therefore  the  oommntator  hruehM  ovtrlap  at  Uatt  too  tegnuttlt, 
titeiralEiy  Bhort  cironitbg  those  idl«  portions  ot  the  wire,  or 
•  ontting  them  out  of  action  so  m  to  reduce  the  resistanoei.  A 
Nmilftr  object  is  Attained  in  like  manner  in  the  Gnium^  nud  so 
long  OB  the  bmshea  occnpy  tho  neutral  axis  die  only  sparks 
produced  nrill  l>o  duo  to  tno  vibnttioD  and  jumpiu):;  away  of 
part  of  the  brashes.     If  any  oonsidorahle  sparking  occurs  it 

S roves  that  the  bmshce  do  not  occupy  the  tmo  neutral  pointa 
ue  to  the  actions  espUtined.S  lo]?.    The  Siemeos  field  system 
is  ahowu  Fig.  92, }  1054. 

107a  The  Siemeu*  drum  is  a  link  of  erolntioii  between  the  bar 
•nnaturo  of  Fig.  04,  and  iho  I'lcinottirtn^.  It  is  nol  darirtd/nm 
Ihi  Orarmae  maohiuo,  or  k  men  niodifioation  of  the  Qninmo  ring 
OM  it  is  commonly  said  to  be.  It  is  likely  enongb  tlutt  it  waa 
■ugmtcd  by  the  ooneicleratjou  of  the  Gramme  iiction  ;  but  it  is 
tr^^  the  Siomena  core  of  Fig,  ^(t.  Tbix  is  more  oyidont  with 
the  solid  core  than  witli  tho  cylinder,  iHwauso  mch  section  of 
the  wire  with  its  intenutl  iron  convsjiondH  to  ono  H  i^oro. 

1071.  Tbo  Grammon'ngand  SiomeDS dram  practically  inclnde 
all  tho  various  forms  of  machine  in  lue  for  ooiitinnons  current 
generation,  the  rariou«  fonms  of  machino  ropnwcnting,  not  prin- 
oiptos,  but  details  of  coDstmotioa.  The  Clarke  type  includee 
soventl  nscful  machines  used  in  eleotro-metklliirgy,  such  as  the 
Weston  and  several  similar  ones,  whose  current  is  not  really 
oontinnous,  but  composed  of  snoccssive  impnlses,  of  ono  direction, 
but  of  an  nudnlalins  E  H  F  which  appears  to  work  with  some 
»fta1s  even  bett«r  than  the  tnie  ooutiunons  cnrrent.  As  8|>io6 
will  nut  penuil  description  of  the  special  foTms,  tbeee  typieal 
oues.wliii^h  preMmt  thuprindplesoftul,  out  AloDa  be  dealt  with. 

1072.  ALTzasATiso  Cdrrfjit  MACHDaEs. — These  are  now 
conting  into  use  in  the  large  electrie  light  installations,  par- 
tioalany  the  Oonim  and  the  FtrranfiThmiuKm  macliinea.  They 
are  simpler  in  eoostniotion  than  dinict  curriMit  ;:euemtora,  and 
more  anilablo  for  gt^iDg  n  rorr  high  K  Ikl  F ;  thin  is  indeed  the 
cootivfl  £)r  their  use,  as  the  higher  the  E  H  F,  the  less  th«  cmA. 
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of  tnumuiBsion,  S  569.  But  It  i»  still  an  uns«ti1«d  quMlion 
vh«tbor  on  tho  whol«  tho  iulvanti^c«  liiti  wiUi  thv  liigli  K  U  V 
alteniatlDR  cunuiit  aioiliinod  wUl)  tmiiKforniuni  t>i  brinj^  it 
witbin  mI«  limits,  or  tho  lowor  E  M  P  cuiitinuotu  cnrront  uidcd 
byscHiondnr^'  batterioa.  Thu  ountinnuiut  CHrront  biM  th«  advko- 
ta£<D  Uuit  il  can  bo  Rtored,  and  i»  lueful  for  eriuy  pnrpcna  u 
well  iM  liglitUi^.  The  allernatiiig  cnrroat  in  uMfnl  for  Ugbti 
of  (liw  "  oaiiillu  "  tyiM),  and  ie,  itiora  doubtfully,  mid  to  bo  bett« 
fur  JnoaDdtwoent  lamps,  to  fur  aa  duration  u  ooncomod  :  bat  it 
is  tttwlcKM  for  oleotroly«ift,  and  whotlier  tt  can  bo  used  mecluju- 
oallf  ivinuina  to  bo  seen,  i  lit}, 

1075.  '^^^  deeoription  of  tlioso  iiijichia<»  to  bo  of  any  service, 
vould  oooapy  more  spaoo  tban  can  bo  epAied,  and  would  bt 
of  inttTront  only  to  those  who  can  readily  obtain  tho  Hin^^fl 
a  more  ooroplot«  character  tliaii  would  lie  suitable  here,  ^^|H 
same  remark  applies  to  tJie  so-called  "  multiple  phase  inaahinw' 
prudnoing  a  rut«ting  magnetic  field,  quite  leoeiitly  uppliod  me* 
Ottsfolly  to  trausmittiuu  power  over  cousiderablo  distanra 
dniing  tlio  Fruukrurt  Exliibition,  and  in  regard  towblob,  aad 
moton  for  am  willt  thetu,  M.  Tesia  ia  doing  itDod  work.  Uu 
vTcn  if  porfcctwl  they  will  be  of  no  oomplicatM  a  character  tb*l 
thoy  will  remain  in  tlio  liandn  of  akilloa  cngiuoori.  It  will  U 
more  tuefiil  to  oonaider  matters  of  moro  g«n«rn]  int«reat  in  tin 
coiiatmotion  and  um>  of  maohinea  uralUblo  generally,  3  1 1 17. 

]i>74.  FiKU>  M^oxKra; — Forthuiuikeof  Konony,  they  tdioulJla 
OOHHtruclod  as  to  sixe and  wiie,  ku  that  they  shall  iieuily  roa^ 
tliu  limit  of  satnmtion  at  tho  fullcnt  limit  of  work. 

Fur  lUadv  working  under  mrijing  conrfi'd'otu,  thoy  should  be  wA 
within  the  limil  of  siLturalioii. 

For  ttutomalie  adjiulmejit,  they  should  not  approach  that  ttnil 
oven  at  full  work ;  they  should  sliU  be  iu  cuuditiona  whick 
inrniaae  magnetism  ]>ropoTtionalljr  toourrent,  $971. 

The  ttngih  for  a  given  w^i^^ht  ia  govc-ruod  by  the  aamo  bw 
UH  lh<«i;  fur  c-lectro-maguets,  $  991,  iu  tik<^t  tli«y  most  be  reg: 
ax  L'lectro-inagDets  intonded  to  product:  a  V6ry  oonceutratod 

The  poUi-fueet  should  contain  onooiuarter  of  the  irou  ol 
mag&et,aud  tho  arm*  should  be  rather  of  one  mass  than  Jji 
intOMevoral,  and  should  therefbrv  be  of  *  thin  and  brood  noc. 
BO  HH  to  l)u  fiiUy  influenced  by  theooils,  rather  thau  circular 

The  uindin^  0/  the  uireM  is  arranged  on  dilEenmt  systems  to 
special  roquiromenta. 

107J.  SEfwrafaly  tmikd   machinca  arc   indopondeut  of 
r»rintiuns  of  tttu  work  doing.    Thoy  are  thoso  with  pcrma^ 
£old  mugucts,  or  those  <jx(n\jc<V  \>'j  %  in\i%t«.tA  nuchinv.  whi 
nectanry  wlieu  tii«  mao^iVuo  \v»'^i  '«>  vw*  ^Mll  -^ 
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ourreiit*,  Ihooch  Uto  two  mnohinos^  are  in  tome  00006  <!riv«ii 
iijHm  i)ii«  axiii,  $$  1020  and  lojj. 

1076.  8<i/-ejcciting  maehinef,  in  which  the  prinoiple  of  ftocn- 
tQiihktion,  S  I03I,  is  fully  ntiliEed,  aro  of  several  diflorcnt  orders 
of  field  inngQote.  Thoy  are  made  as  soricH  aiifl  BUniit  luaohinM, 
and  OS  dififorant  combinations  of  tbeeoi  Fi^.  ^8  shows  Uie  field- 
magnot  nparatdj  excited,  Fig.  99  the  seriui  oircnit,  and  Fig.  too 
tho  shnot  tnrstem. 

1077.  Scries  machined,  Fig.  95,  are  thoao  in  whiuh  tho  whole 
current  passes  tbronf^h  the  wires  of  armature  and  Bold,  and  the 
onter  circuit,  all  loeing  iu  sorioL  Tho  reintlt  !«  tliat  as  the 
outer  rwistanoe  dimlnishett,  the  inteusity  of  tiio  field  f^rowv,  aud 
Diirrent  inoreases.  TlUa  fits  thorn  for  tli«  Tumblo  work  of 
oloc  tro-Diet&U  orgy. 
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0»  the  other  baud  they  nro  dilBoult  to  start  agaiuat  a  large 
rodstonoe,  aud  may  need  a  toioporary  sliuiit  to  cot  ourreut 
onongh  t<>  iiutgnetiieo  the  Sold  magnets.  Tbey  aro  aUg  lijtlilo  to 
1)0  rovcncil  hy  a  ooiinter  cnrront.  Sorornl  miMos  hare  bcwt  used 
to  ovvnxiniu  tlicM  objootiona :  Wcslou  used  »  rotatitig  gorenior 
in  a  iii(Trc:iiry  <mp,  which  only  closed  the  dnniit  whoo  a  fixed  m 
Telocity  was  hIUuiiimI.  Qranune  used  ft  circuit  oIoslt  actuatod  f 
by  tho  fioM  magnet,  which  ke|it  the  outer  oircnit  open  until  the 
field  magnet  was  obargod. 

107S.  Shuia  maoliiniMs  Fig.  100,  divide  tho  armatnrv  curront 
between  thofiolclinagnuts  and thoonteroironit:  with o^wdi^xt. 
only  enough  cnmmt  in  gva^mUA  lo  jo»l  <SM«ipi   ^iwi  ^^^ 
magBoU      Whw   work    ia  doing,  ttie  to\«k\  wmrtftaw*  \jw»-4. 
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low^ml,  mora  ctirreDt  ie  f^emted,  )wrt  of  wliioh  goea  to  Um 
field  ctroitit,  incrcantng  tbe  ma^olic  intcnsi^.  Bat  Uiis  regn- 
Ifttiun,  wlitle  niitomntio,  is  Ter^  imperfect. 

■  079.  Shanl  and  Serie§  JatuAanm  ooubine  llie  two  BjrBtotns,  W 

sliown  in  Fig.  tot ;  one  wiro,  tha  HfaUDt,  tsas  jost  deaoribvd;  iIh 

scvosd,  thfl  circuit  win*,  instcwl  ot  g<»ng  to  tlio  +  " 

diruot,  is  fint  taken  rotiml  liia  fidd  nugnota,  aa  woU  u 

otbitr  tuid  tlwii   ia  tlto  +  teruinal, 

tliiit  at  all  time*  tU«  wiio/a  of  the  •  

eurrtnl  traTonKS  tlu>  field  nutgnols  :  bvl 
llic  proportion  of  it  in  Iho  two  winw, 
and  thu  total  ovrrcnt  prodncijcl.  ilop«ld 
upon  tbo  oxleninl  miitlADoo.  'I'his  givca 
m  very  ooinpkto  luljuntnioiit  of  onrnmt 
to  var^'ing  couditious  of  oxtiuiuJ  tv- 
abtanqo. 

1080.  Tbia  aTTsngeiooot  hw  been  co- 
ployod  in  variouB  tna«htnca,at  flnst  pui«ty 
to  ov«rconio  tho  difficultiua  montioncd, 
S  1077.  TI1U8  lirush  wouod  a  fiao  wiw 
circuit  of  great  reaiatanoo  ovar  tho  oort. 
calling  it  a  Uaur,  to  aecore  aomo  ma;;- 
netisiu  of  a  definito  direction  in  tU 
fi(-ld  as  Boon  aa  the  maohtno  tn^tved. 
WoatOB  did  tho  aomo.  Some  y oora  aftervraida  Meosra.  Cromptua 
and  Kapp  diaooveTod  that  by  giving  a  dafiuito  TeaisUtDoo  to  th« 
fiL-lil  circuit  and  pattioa  it  outside  Uie  working  or  aerioa  circuit, 
tho  dyt;iimo  becaDui  a^f-rognlnting.  Onu  ostract  from  their 
patent  apeoifioation  will  beat  cxpl^u  the  principal  of  '•  oompounii 
winding." 

"Onr  m^thsd  of  c&rrjriiii;  ant  tlili  (ntnponsd  Hlniling  it  ta  U^  «  mkdxt' 
hiTiog  !□  armature  roiiUnc*  of  wj  o- 1  ohm  nnJ  wiail  od  iu  fitlJ  micncU,  «i' 
U  thfl  tore,  tudlclcat  No.  i  IkW.O.  win  io  glra  a  TMUMnec  aqunl  t<i  tlmi  <,f  u, 
ormiturD,  And  i.-i>ii]>lc  lh>  run*  ia  ttiit*  olroult  oilh  th*  uin*lur«.  l^l'hi,  j,  i^ 
toriti  clrcull  in  wKtch  th«  titfmLi  work  li  iDctuiJc4.  {  to'ij.}  OuUi.i,.  1 
Golii  ■«  wind  ea  tiillid«nt  'do  inch  vin  la  gir*  ■  itiiitaiin  of  Inn^^  . 
JO  ohmi;  wc  ooupU  Ibla  fmm  briuh  to  bruli  [tlili  b  the  ihunt  circuit  $  io4  1 
Such  an  armttnrc  wc  prcftr  to  drir*  it  *ueh  tixod  thtt  ihi  E  H  K,  i*h«ii  S  J 

RofthiODlmdrcnlt  liinflnlli!  (tlint  li,  <-|H)ii}ttIll  b«  alM-ut   (■{  r 'It-       j, 
ho  found  thai  if  tho  cilrimil  I'lnnU  l-g  nsw  cIdimI  lhroa{h  rMl>t 
from  in(tDil7  dnvn  to  o'  ;j  uliin,  lo  th«t  Ih*  cnrrtnt  tirlM  fnim  1  ■^■---     1 
tlo  aifip^cai  lh«  eltvlramolire   fores  bclvtra  Ifmioalt  will  r«R>  1  1 
■tSDl  Hi  ij  Tfltj.    MflrecTof  that  th*  ni*i;nit  charco  or  Mtra  1 
ahorl  1rn2>h  of  k*  miiUnct  (olla  will  ba  tn  amall.  that  40  01  yj  ' 
■«llili*d  titnullaiiciuiilj  cul  of  th*  nuin  circuit,  without  piviluciii  1: 
tarllf  hurtful  iBctoaw  of  <urtvul  ia  aiw  lauiji  1*1  in  circuit." 

One  of  tliuw  curious  legal  dociaiona  of  which  the  oIc< 
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pktuntH  have  boon  tbo  Hiihjwt  of  lato  yenn  g«v«  to  Briuli  Lke 
pBtoot  Hght  to  comnouml  iriiidiag. 

io9i.  TdK  E  M  F  or  DviiAUOR, — Tbo  first  WM'niti*!  for oticcon 
iQ  vloctrio  lighting  iti  nbitoliito  HtiHtdtDfiW.  (i)  Thoro  mtiat  l>» 
no  fluctttutioo  ID  tlic  li^ht  itaolf:  thisiacans  nnif»nii  KMFiaiul 
iMHMMilAtM  perfout  stMiliaeH  of  motion  in  tho  driving  cDgin«, 
to  kttnin  which  tha  ftngino  ought  to  havo  n  Liruo  nittrgin  of 
power  no  08  not  to  lio  aetir  ibi  limit  of  work  ;  it  nhotiM  have  a 
heavy  dy-whoel,  and  a  Hy-whoo]  should  bo  ntlocbod  to  tlio  axia 
of  tho  dynamo  itaolf.  (1)  The  availablo  curraot  idiould  nut  Im 
cither  mcnmeed  or  rodncod  by  tho  enddcn  turning  on  or  ulF  of 
other  lights;  this  means  that  there  shoeld  be  mAintained  a 
oonstnnt  E  U  P  nt  tho  terminals  of  each  lump.  (^)  In  electro- 
int'tallurgy  each  kind  of  dopoait  nxinirea  a  drfinitc  F.  M  F*,  no 
matter  wjiat  tho  <|tiantity  of  work  doing,  and  it  needs  a  current 
which  will  increase  as  tho  work  is  increased.  This  in  tho  aame 
rotluiremoDt  as  that  of  (a).  For  auch  cases  a  maohtne  giving 
ouuat4ut  E  U  F  is  noodod :  that  is,  a  pn^wrly  compoundvd  Miriea 
shunt  maohine. 

On  tlio  other  hand,  when  a  namber  of  similar  oporetionH  have 
tn  1)0  effected  in  $rrie»,  oonstant  current  is  reqnirod  with  a 
variablo  E  M  F. 

1061.  Coiutant  E  iH F at  the  Urminalt  of  tlic  woril,  $  io6€.  is  tho 
dcsideratTim,  not  oousiant  EUF  geuoratod  by  the  mochino  iu 
tho  armature  ring.     Now  fi  M  F  is  ohauijod  by 

(1)  Vaiialion  of  speed. 

(3)  Varying  ttie  atrongtli  of  Uie  field. 

u)  Altering  the  number  of  turns  of  wire  in  the  armatore. 

The  sooond  la  the  praotioablu  mode.  It  tuny  bo  cfTected  in 
magneto  laachinea  by  arrangiu^  an  iron  armature  to  elido  over 
the  anna  along  the  lengtb,  or  made  to  either  move  aoroes  tho 
fiold,  or  to  approach  orreoede :  medical  maohinee  are  fitted  with 
R  movable  armature  for  this  pnrpow.-. 

lod).  Magnetie /oriv  varift  in  oleotro-magtwta  in  two  ratios: 
(t)as  the  numbor  of  tumsuf  wire:  (a)  as  iha current  poaaing; 
or,  $  934>  in  a  yittit  nv^Hte  tftUvt  li«  forte  earieKU  lie  aimii*- 
lurnf.  The  number  of  tunui  comnot  be  oonveiiienUy.  altered,  bat 
the  several  fiold  magnets  do  control  the  ampirc«k 

InteparaUlif  excited  maohlnea,  this  is  elIeot«d  by  altering  tlie 
current  from  the  excitinff  maehino,  while  iu  tetf-t^ciliny  niacliities 
the  actioufl  deaoribed,  M  1074-90,  control  the  fiohl  intcnsitv. 

1084.  (JtJAUTT  Of  Iros.— Armature  oorei  should  bo  made  of 
the  Bofteet  wrought  iiun,  though  good  malleablo  oastinga  are 
em^tloyed  in  aome  oaoea:  tltcgrvut«r  the  rapidity  of  tlio  changes 
which  oocur,  the  more  oasontial  this  in,  a«  uuy  tosdouoy  to 
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ntiiiiliiul  RiAgiK'tiiiiii  will  lowor  thi;  cfficiMicy.  T'-rfiM  maantU 
ditfrrL-iit  condition:!!  cxiet:  in  thom  rttitlualinagneli»m  ia  enaential, 
t>ti  Ihiit  iirtlinary  wwt  iron  tnay  1>o  tued.  On  tlie  other  liBtvl 
B  M  F  iIcjiuikIk  iipcm  tlio  "  ningnellc  iDtotimty  "  and  tbis  D|md 
Uiu  tapaftlg  of  tlio  iron,  $  gS^.  This  varies  i;roatly  iu  dilfereiit 
iraiiH,  being  grcaUet  in  uie  purcet  and  Eoftcst  wrou^lit  irun. 
Biitli  tlicoruticalconeidorationttandeiperimental  K«ulla  imlicsta 
tliiit  tho  ]iigh«et  efie<^  wilt  bo  obtained  fTOin  §ofl  iroi)  ci>rcn  lo 
tako  up  niagnetiHrn  from  tbo  cuircut,  good  malloablo  uMitln, 
for  tbo  polo-pieocB,  and  insasiv-ecouHCctinppieeeB  of  hmrd 
iron  to  sorro  as  reserroirs  of  ma^uoiiBiu :  iu  aome  oohoii 
pIivtfB  hdvo  bocn  cx^mbiued  with  soft  iron  for  (bia  jinrpoui 
mnintnining  reeiduary  ma^etisui  when  the  maobmo  Is 
running. 

1085.  Batios  or  lIcsiBTANCKS. — The  rclutiro  propurljoiM  of 
oxtoi-nat  rcftistanoe  to  that  of  tbo  field  magnota  mid  armatum 
have  been  greatly  Taried  as  tbo  RnU«c|  htut  boon  studied. 
Acooiding  to  the  formulte  of  Sir  W.  TliotniioD,  in  tlto  RriU<b 
AsBooiatioQ  Report  1681,  the  redatAncc  of  tbo  &tbl  nukgnota 
should  be  a  little  loss  tlutii  that  of  t!iu  nrmnturo  in  ilio 
of  Bcrloa  dyiiunoH.    For  eltuut  machines  tbo  furmiila  ia 

B=  ^/TITa  and  F  =  R»-^  A 
R  is  tlio  resistanoo  of  tbo  external  oircnit. 
F  „  „      field  magntjts  or  ehnnt. 

A  „  „      armature. 

1086,  Ittlations  ofjniemaland  Exlemal  Itniilance.—  As  in 
tcriors  tlieiB  i§  a  law  oounoctiu^;  lliuse  lo  iitnifnl  work.  Koon 
meann  that  the  greater  part  of  llie  rosietauoe  hIiouM  Int  «xlA.Tii]ir 
and  Umt  it  abould  bo  01  the  nature  of  irorit,  S  ;];.  Tbr  l^ma  itf 
difltribution  of  [Httontiul,  $491,  iibow  ihut  only  tbuEM  F  vrhiub 
ia  exi>cndud  in  this  "^work  rt-oiittJiuco  "  iit  of  uw:i ;  thi.^  rest  m 
expended  in  driving  iho  fUfrrgy  t"  tbv  point  <if  tipplicntiofL 
Therefore  wo  liavo  tu  uonxidvr  lour  dintinct  diviiiiunB  of  " 
EM  F  KOt  up  in  1}i»  dynanin,  nwHi  of  which,  multiplied  by 
own  curront,  givt-H  Ihe  ivlativc  energica. 

(1)  Tbo  RMFat  tbo  terminalaortlie  working  a p pa mtint,  Ka 
tlio  oloclroden  of  a  plating  vat,  or  tbe  eonuecLiona  to  lampa :  tb ' 
is  tilt  Merff  tttiiifd. 

(a)  The  EM  Fat  the tonuinalnofthodyiiamo, which incbnl 
tho  first,  and  also  tliat  expended  in  the  oouducttora.  Tbe  diff*. 
ouco  of  3  —  I  is  tho  expenditure  i»  hansmimion. 

(})  Tlie  K  M  F  in  the  field  ningnol>i,expi,;iidotl  >u  nminl4iini 
the  loroe  of  tho  field. 

(4)  The  £  M  F  at  tbe  bruHhuti,  tliat  gvncratod  by  tbo  arniatu 
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of  which  tho  others  are  portiaiut.    The  ©noip-  ex]>endoO  in  tlio 
armaturo  itaelf  in  t^Wen  hy  (y  x  H- 

loBj.  The  rj^icnei/  of  a  dynamo  machine  is  often  reckoned 
from  its  capocit}'  aa  a  ooiirerter  of  ni«ch«uical  energy  into 
cloclriral,  hy  Iho  formula  (;'  x  R.  But  the  elooirio  energy 
ox|>en(led  leilAm  the  machine  iit  u  muoL  wkste  as  the  meohanical 
friction. 

Tlie  Ime  effiei^e^  i«  ri^jmtHcntocI  by  tho  ratio  of  the  mtrgg  in 
l>ie  exiernai  circuit,  to  tho  miwhuiicul  ciM-ivy  expondml  ta 
drivinf;:  thiH  in  vrhat  intonutljt  the  huycrof  u  ifynnnio.  It  may 
be  of  omch  intvmtt  to  tliv  thoarist  (or  t)ic  sttUor)  to  provo  that 
electricity  oonvortii  enurgy  with  litUo  or  no  Iomi  ;  thnt  a  dyiianio 
inres  na  in  eUetriral  horm-jpoufr,  S  437,  90  or  more  jier  ooiit.  of  . 
VM  mechanical  hornc-poiefr  HappliMl,  thi<  rviimininK  lO  per  oent. 
being  the  iuevit«hlv  lowt  in  fiiclton.  Itut  thu  tcilI  <]tiMtion  for 
the  user  of  Uin  nuohina  itt,  Aoip  much  0/  lhi»  90  per  cent,  furri*  1^ 
in  uaefiil  teork  f  that  i«  shoivn  S  1066. 

10S8.  Vers  ^'3^  effinmcn  miiy  1w  too  dtsarly  pnrohnMNi;  the 
last  5  or  10  per  oeiit.  oo(rt«  more  by  it  groat  deal  tlian  any  otlier. 
It  means  much  better  qaulity  of  nuiteriftl,  finer  work,  moro 
llAbili^  to  go'ting  ont  of  order,  and  more  oxpennvo  rcpiiinr. 
For  most  practical  puqioecs  "exoolBtor"  lands  na  in  fog«  and 
danger  u*  it  did  Long  fellow's  much  over-approcintoil  Alpine 
tourist :  tho  hnmblcr  aim  of  qaiot  steady  dnty,  work  dono,  is 
much  hotter.  The  machine  to  be  Bonght  after  U  0119  wliich 
with  fairly  good  eflicienoy.  say  80  per  cent.,  e«nds  11  good  s1mtx> 
of  it  into  Its  pi'oductiTe  work,  will  not  require  too  much  skillod 
attention,  hut  will  endnre  the  ordinary  oonditiona  of  pmcticnl 
operations,  tlodorate  Bj>ee(i  is  preferable  becaase  great  spcod 
means  wear  and  t«ur ;  rel&tive  heat  developed  is  an  imjiortiint 
oonsideimtion,  as  high  effidetioy  gepenUT  means  [ladung  the 
current  density  in  the  wired  to  the  limit  of  safety,  with  liability 
to  broaking  the  insulation  down.  Finally  there  is  Ibe  qnextion 
of  ooet ;  im  interest  and  de]ireoiatiou  -f-  the  cost  of  working, 
spread  over  the  i|uantE(y  of  work  to  be  done. 

loSa  Ei-KcTBiVNAr.sEric  Ksqixes. — Not  many  year*  ago  it  was 
settled  that  eleotrie  imitom  wuro  out  of  the  field  of  practical 
Boti'iiiie ;  that  wda  because  xiuo  is  loo  ooatly  a  fuel :  now  it 
appears  likely  tliat  tlieir  luiiniifnGttire  will  bo,  at  no  distant 
date,  the  most  important  branoli  of  oleobioal  eiuniwering. 
Tmstworthy  uoton  are  now  to  bo  had  giving  on  emoienoy  of 
70  to  ^  per  ocnL  Per  traction  pnipoaM  they  arc  being  okoely 
studied.  For  faetoritw  it  would  Mom  that  thoy  may  odvan- 
togoonsly  replace  tho  xltafting  and  Iwlting  for  transmuaion  of 
power,  eadi  luachiiiu  Laving  its  twpunto  motors.     Bat  thdwc 
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grokt  nae  will  bo  when  «lootrio  cnrront  Ih  dUlributotl  ut  ■  clMWp 
mto :  ntrei^y  tbu  Aui«rlcftD  ooiiin>uiii>K  fiml  it  U>  ttioir  ailvuiUga 
to  •lintrihntA  powor  at  n  lean  cWrgi;  tlmu  li;;hl  liy  the  im&ia 
oin'uitit,  tiooniMo  the  okII  fur  piw<:r  umpluys  iheir  jilutit  jwl 
whvn  it  would  bo  idin :  luniiy  ilwuMttu  uwm  will  «riM>  for  k 
biiinplu  ttoA  ohiMiii  ptivrvr  mituhtiM  to  Miro  Uboar. 

1090.  PiMin  tluH  iinpf.'ct  tbi>  conaiiloratioiiH  1^  $  1071  will  bt 
imiHirtAnt,  lut  thuMi  (!»i]iiianiut  who  Ktijiply  ulli- rim  ting  cnrroDt* 
wilt  bo  at  ft  (lidtadvnntjigo  :  on  tbo  utlicr  liiiiid  thui  vory  fftt-t  will 
Htiiuulftto  tbu  undviLvuar  to  porfcct  muUtni  wurk«d  hy  alter- 
nutiag  oarnititjt. 

1091.  Harlij  Farm*. — Tbo  viirlicst  ftnd  itimplviit  eloctro-motor 
ia  tbtt  rolftting  innniury  bruok  which  wan  uiu.il  tor  indiiotion 
ooik.  ItutwtiMi  tlui  tirmH  of  11  boriKwhuu  poriuanoiit  iiiaipict  is  a 
wouilcn  block  uii  thu  fitoc  of  which  i»  a  oirciilnr  groove,  diTideil 
into  two  pnrtK,  which  ara  Ihii  ooiiti^KjUouK  to  tin)  circuit,  \>y 
jiIutoH  of  iv<iry.  Tn  tbo  contra  •  tubo  in!Tvc«  «•  boaring  to  ft 
Htool  pin  carrving  i>  bar  oloolro-inftgn«t  which  rotatM  betweva 
tlio  poles  of  tho  faonKMhoo :  tbo  undn  of  itit  wircii  dMcond  so  ■»  to 
juHt  clou-  tho  ivory  slips,  and  dip  into  moTOur^-,  contAiued  in 
tbo  groove,  which  rifios  abovo  tbo  Icvol  of  tho  diviftioaa :  Ihcio- 
fore,  the  magnet  reveneH  ila  iralarity  &«  it  paMOs  the  |)olo,  b 
then  rcjielk'il  till  the  attraction  of  tlio  other  polo  corkim  iuto 
piny  (or  more  truly  tbo  bur  truvoU  nluog  the  UnMof  tbo  olocttic 
tiold  botwocn  thepo1f«),and  Boa  ooiitiiiuoils  rotation  la  pruduoed. 
Wo  hi>v<!  hero,  nut  only  the  atagee  hy  which  motors  have  booB 
guiiDrated,  but  tho  v«ry  principles  on  which  they  depend. 

103a.  'rheii  vo  lutvo  au  iron  anuatnre  ou  a  lover  playtne 
Iwtwuvu  two  oloctro-ningnetB,  altoroatidy  excited,  or  aw  oluotro- 
lungiiot  similarly  pUo<^  and  alternately  reversed,  and  this 
oaoillftting  motion  tmiistoimed  iuto  rotary  molicn,  as  in  tlw 
steam  engine,  by  a  crank  operated  by  a  prolongation  of  tlu 
lever.  Tliis  is  still  used  for  such  purpurea  as  rotating  vauum 
tubes  with  induction  ooils,  and  other  cases  where  motion  k 
needed  with  little  work. 

Auethui-  oyatom  wns  based  npon  an  iron  bar  ntlaubod  to  tH 
lever,  but  plunging  into  a  coil;  Iljorth's  olootro-magnot^  tn^M 
as  a  hollow  cone,  gavo  the  best  olTuots  bocausv  it  diiialiEuc]  t]l 
pull  over  ft  considenkbU)  laDgo.  M 

lojj.  JIfoiIem  fypcs  0/  i^/lon  correspond  to  tlioso  of  dyiiitiiioJ| 
in  fact  any  dynamo  c(*  'w  reversed  into  a  motor,  and  ui^ 
motor    will    guuonila  Current ;    but    though    tlioy    u^'     UiM 
reciprocally  ounrurtip«>  it    does    not    follow    that    Um     \i^ 
goueiator  will  he  thp  iKwt  motor:  on  the  contrary,  thi'i*.'  m 
fuuctioual  diffeieucMS  which  rw^uire  to  bu  met  in  dider^^ 
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wayfl.  Anil  [iiirLiculiirly  in  tho  pr»iiuTtioiiIit){  uf  thu  pnrts,  and 
tUb  ruUtion  of  Ihu  fii^  nod  anuaturo  •jmUma ;  in  th«  ilyuanio, 
Ui«  toagnotiitm  of  tho  Miofttim  is  ft  rMnilt  of  thu  field,  bnl  iii 
tiie  motor  it  hu  its  own  indopondcnt  exiNtvnco:  na  a  coose- 
qiUDoo,  ID  acocirdftnoe  with  Lens  s  Uw,  $  9;o,  thu  inagiMitMm  of 
th«  ftrmstnre  oppOBeB  that  of  tho  Geld,  rwiiUing  in  diHtorlion, 
I  1056,  ftod  w«aReniiit;  of  the  field  in  tliu  d,vnikni»,  whilo  in  Iha 
motor  Uw  two  irales  reiuforce,  though  etill  mutually  displacing 
Mch  otlier. 

As  a  ooDBeqoence,  it  ia  d^inililo  to  mako  th<i  umfttan 
iimguotiaio  weak  in  djritunioH  and  Btiou);  in  muton.  The  kad, 
that  is  tlie  displsoemont  of  tho  nontjat  point,  and  oonMqu«nt 
positioa  of  th«  nruihM,  is  also  different. 

Motors  shonld  hare  tlm  movtug  ]>art8  li^ht,  so  thst  they  may 
rotftte  rapidly,  which  is  a  prime  oonditkin  of  efficiency,  and 
thsre  beiDK  less  tnomentum,  tlicy  tiUrt  and  stop  oBsily.  But 
wh«re  n  steady  action  is  reonirod,  they  uuty  have  more  wuight, 
so  as  to  Mirre  as  their  own  fly-whuul. 

1094.  Motont,  like  dynamos,  and  in  faot,  «U  enginw,  nre  of 
two  types,  duitinguui))!^!  by  tho  proiluction  of  alternating  and 
ooiitiiiuous  curroiits  in  tho  snnaturo.  This  docM  not  relate  to 
the  luul  nttomate  current  motors,  wbiob  cliaiigo  in  both  6eld 
and  ftnnatnre,  or  use  an  alternating  corrrnt  nupply,  but  to  an 
intoTDftl  rovnva)  of  Uie  oorrent  by  tho  armutnre  itBulf.S  1009. 
It  divides  ocmsUat  ouirent  motors  into  tbo  somo  types  aa  tho 
dynamo,  the  Clarke  lype,  }  1017,  and  the  rbiff  er  orwa  type, 
S  1057. 

109;.  Ctarkc  fjrp«  motors  are  based  upon  Siemens*  core,  and 
are  small  Siemens  machinea,  as  statod  j  1039. 

(1)  Depnt  has  a  remarkable  divergenoe  from  tho  ordinary 
phuis,  iu  that  be  places  the  armature  not  in  the  intarpoUr  space 
where  a  conoentiated  field  is  produued,  but  ImgihtuM  bthrem  lh» 
arm*  0/  Uu  nagiut,  which  is  a  permanent  one.  It  is  trne  that  the 
niagn«tio  lines  do  onss  the  spaco  between  the  arms  to  Mme 
extent,  iw  fealngv,  g  <)-j6:  it  ta  alno  true  tliat  the  pncenoo  of  the 
arnwtnre  wuuld  diaw  the  liites  into  this  apacu,  and  preront  the 
extension  of  tito  magnotie  Ibrce  towards  the  polos:  but  tliis 
woiikl  tend  to  a  stmne  mdooaUr  disttirbunou  in  tho  magnet  at 
eadt  semi-rotation  of  um  armotaro,  and  it  would  scorn  bvttvr  to 
nse  tlio  normal  fioM  fonnot  at  the  euds. 

tj)  Trowfi't  motor  is  cimply  a  Siemens  maehiuo  with  electro 
field  magnet,  and  tho  nrmatnru  endn  <dl)ptio  inateotd  of  circular. 

(])  Orueom't,  which  is  made  so  sinall  as  3  lbs.  in  weight, 
is  tho  same  as  Tronv^'e  bat  the  field  magnet  inelooee  th« 
armature. 
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Many  others  mate  and  name  nuidiinefi  of  thin  typo,  bat 
thotigh  they  may  have  their  uaea,  tbolt  efflct«noy  u  eo  low  Uuit 
they  ars  very  wastent),  and  they  aru  uuly  made  in  veij  BmaU 
aoM. 

1096.  Continuviu  ewrtnt  motor*  are  derived  from  any  of  the 
dynamo  macbiuoa,  and  MesHrs.  Ayrton  auil  I'erty  nuile  thetn 
inverted,  tJiat  U  with  the  anualurv  fixed,  and  the  field  magnet 
rotatiiig.  There  are  nciw  nutny  ])ate]it«(l  forma  and  many 
uiuVl-th,  ewih  of  whom  nu  doubt  producon  the  beet  mocbino ;  at 
any  rntc.  a  gixxl  mnohiiic  can  ho  ohtainiMl  frotu  many  mnkora 
tiy'tliiiM  who  luiuittiTtho  general  principIiM  and  know  what  thny 
want.    It  wouldlioinvidiouii  toitijloctoiiy  forapccialdwHjriptiiui, 

ggHPO   would   porinit  no  UBuful  dusortptiou   of  the  wpuclal 

1097.  Points  of  imnortAnco  in  soloctioii  arc,  a»  with  d^-nnnioa, 
fi  1088,  first  cost,  eflicienoy,  weight,  and  Hprtoo  occtipii\l  in  mtaa 
caam,  and  ce)iocially  the  avoidance  of  dead  point*  whiuli  make 
starting  ditHcult :  aa  a  rule  also,  qnick  running  ii!  an  a<lv&ntago 
here,  with  gearing  or  oounterBbaft  to  adjust  thin  to  the  apewl 
required. 

logS.  When  two  dynamo  machines  A.  B.  aro  i>lacod  in  circuit 
togetner,  with  a  galranoroeter  to  measure  aotiou,  when  A  ia 
rotated  it  gonoratea  a  current  whicli  passes  into  B :  if  tlila  !« 

Sreventcd  from  moving,  the  galvanometer  will  ahow  a  ottrrout 
ue  to  tho  K  M  V  ooriesponding  to  the  ai>cod  of  A,  while  B  |ilaja 
tho  part  of  a  simple  n>statanoe. 

If  B  is  also  rotated,  and  the  oonneotions  are  suoh  as  to  oppom 
tho  two  luactiinos,  we  may  have  no  current  at  all,  au3  the 
ma<;hiuea  will  require  no  more  jKiwor  to  drivu  them  tlum 
oorniKpouda  to  tlie  meohanioal  friction. 

Jf  Bbloft  froo  it  will  rotato  iUelf  as  a  motor,  and  tho  gal  vaa- 
omotor  will  show  a  current  lowi  than  that  pro>!n(MHl  wlicn  B 
was  not  in  motion :  the  roason  ia  that  tho  motion  of  B,  howuver 
pix>duced,  generates  an  E  M  F  whioh,  when  produced  by  thft 
cnrrDDt,  is  an  opjioxing  E  At  V,  corresponding  to  the  coiiui 
EMI''  §et  up  in  a  roltamoter. 

1OJ5.  77i8  (!jfici'«ncjr  0/  taoton  may  bo  asoortaincd  br  tho 
KMr  they  tjonorato.    Thim  ourrent  being  paewd  wnilo  tli 
machine  is  at  rari.  and  its  va\Mv  noted,  the  cfGdency  will  i^^ 
related  to  the  reduction  of  cnrront  when  tlie  madiino  is  allowc 
to  run  free,  doing  no  work,  for  if  tho  miKhine  wore  perfect  ij 
would    generate   a  velocity   closely  ni>i>roi(ching    that   '■^lun^. 
would  generate  au  EMF  equal  to  that  producing  tho  ciirri^ntS  J 
this  being  of  oonnw  impoesihlo,  any  current  act'inlly  pusitir " 
moasurca  that  expended  oy  tJio  machine  in  internal  work. 


woukino  or  »otoi». 


Subject  to  remarks,  §  1097,  the  test  of  valne  of  a  motor  t«  ita 
fl^d'mcy,  that  l»  ita  return  expreaacd  as 
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Tho  vnorgj  unpnliod  being  tueiuiurod  by  tlio  ourrent  ased  in 
driving,  portly  IohI  in  heat  m  tho  wire  and  iron,  partlv  in 
mechanics!  Tnotjon ;  tho  i-iivrgy  pnpduowl  butiig  mensureu  by 
tho  weight  lifted,  or  by  a  dynamoQietur. 

The  noxt  considcratioa  is  tho  rolation  botwoon  cflic-ioncy  and 
tho  coet  or  convonicnoo  of  tho  machiao,  <u  related  to  it<  aiiw  or 
weight.  It  folluwH  that  tho  n^'nmeu  of  motor*  with  Htoi-l 
perawDeat  lield  magoots  should  be  higher  tluiu  thoM>  with 
elootro-magnot*,  but  that  aa  to  tho  Hcoond  ooiisideration  tltu 
«leotTO-magnet  haa  the  advaatngo. 

Small  motors  do  not  give  nearly  tho  same  oificivaiey  na  lai^ 
ooei^  but  that  ia  tho  caso  in  mott  operations. 

1100.  The  direction  0/  roUUien  doDondn  on  tho  position  of  tho 
annature  polos  as  compared  with  tnorn  of  tho  fieli).  Therefore 
ad^iiamoma^nonaoa  as  a  motor  would  not  reverse  itsdireotion 
QpOD  revena]  of  tho  current.  liocniiSK  l<oth  iKtsof  poles  would  he 
lereracd :  reveraed  motion  is  produced  by  the  jevcrwil  of  the 
current  in  the  anuaturo  or  field  alone :  usually  the  anaature, 
wliioh  is  intended  to  undergo  ohangea  of  magnetiain. 

The  poiilwn  of  tka  ecmmutatcr  cuulaots  in  motors  is  different 
from  that  of  generators,  being  either  on  thu  o&ulral  line,  or 
with  a  baekward  "lead,"  beoauae  tlie  jiole,  being  generuted  by 
current  dolivotod  at  tho  oontaet,  itttaiua  Its  maximum  a  little  iu 
advance  of  thia  point,  f  1056. 

not.  Motors  should  always  bo  worked  on  tho  mulUplo  are 
ayateni,  so  that  there  nhould  be  no  mutuiil  iuUTrundiw,  hut  all 
being  supplied  and  ndajitud  to  a  constant  E  H  F,  ouofa  will  clow 
ita  own  virouit,  and  uull  furth  tliu  re(|uired  ourroot  from  thu 
gt;nenitor,  ns  dcaorihed  i  1082. 

iioj.  Cost  of  Workiso.— Thu  utility  of  a  luachino,  and  the 

rtihility  of  iu  employ  luunt  (whoro  oonditiona  of  convenionoo 
not  override  all  otlier^),  dvpunds  upon  /Ac  eo$t  o/a  unil  0/ 
erteryif  dolirercd  by  it,  and  lliix  i»  Ixised  upon  (1)  tbc  cost  of 
thu  6oiirco  of  energy ;  (2)  tin:  oAicivncy  of  the  cxinv«nion. 

iio}.  Cmt  op  EiieiioY. — This  has  many osproasions  to  suit 
diflbrent  purpoaoa.  For  mechanical  energy  thu  hont-piHwr  hour 
is  the  most  useful,  until  mochanicnl  onginocra  are  willing  to 
adopt  Mr.  rrcace'a  suggestion  b)  make  tbo  horsv-power  eum>- 
■pond  to  1000  watu  insteiut  of  74C,  i  4^7,  which  would  make  it 
equivalent  to  the  B.O.T.  unit  which  oorreeponds  to  tooo  watt> 
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hours.  The  aftttwU,  I  C97,  or  Bom«  mnltiple  of  it  haa  muy 
ar1vantag«fl  for  ohetnical  purpoHis:  bot  we  liftTO  now  to  ivtX 
Willi  meclianios,  eleotridty,  and  taoiasy  ntlue,  oud  tho  speoiAl 
unit  of  lliG  aiipply  oou|)auiea  id  tb«  i>roi>cr  ona  to  tiao.     Let  u 

Iiloiini'  iUt  relntions  to  DtU<ir  uiiiU. 
1 104.  A  hone-aower,  H.P.  is  }}.000  foot^llw.  p«r  minnte. 
A  hone-powfr  hour  ~  JJ/WO  X  60  ■•   i,^3o,<»o  foot-lbe. 
A  man't  vaxefr  in  uhuaIIj'  tikkeu  at  0D6-iiist)i  of  honto-power, 
Tliu  B.O.T.  unif  iti,  S  438,  thu  onergy  of  looo  volt/^mputD 
honm,  wliicli  U  }, £00,000  joules,  wid  too  joulo,  $  426,  being 
fi<ut-niM.  '7;7Ji  wo  havo  tao«o  data,  witJi  tho  logarithms  fbr 
calcuktioiis. 
H.F.  hour    =  1,980,000  foob-lbs.  6'i^66^i. 
.Toiilo  =  '7)7)  „     -I  •857644a, 

K  H.P.  hour    =  3,685,474   JouIm    6-4390310. 

H  B.O.T,  unit  =  j,6o3,ooo       „        6-;;6j035. 

■  „  =  2,654,300  f<x)t-lb«.  6- 4359467. 

P  „  =  I •  t4  H.P.  hours    o-iiyjSij. 

=  568  uijuivolta         3-754)509. 
Tho  prioe  ohnrged  by  supply  oompaniea  ranges  between  j«L 
and  tod.  in  London  per  uuit:  we  may  take  61J.  as  a  value  eaiuly 
^—      ullorod  in  ouloulatjoua. 

H  J 105.  Enkrqt  op  Poel. — This  i«  usually  valued  in  torms  of 
^H  unitM  of  hoat,  gnuorally  that  amount  of  hoat  which  will  roiso 
^B  I  lb.  of  wntfir  1°  Fahr.  in  t^iajwntturo,  wliiuh  is  equivalent  to 
^1  773  fijot-lba.,  S  563.  Acoordini;  to  Favro  and  Silberiuaitn.  th« 
^H  raluA  of  oarlxin  por  lb.  U  12,906  uuitH.  and  of  hydrogitn  6^,515, 
^P  Atioonliug  to  the  Goverumeut  fxjMTiiuonts  on  coal,  the  avung« 
^^    of  English  qualities  may  be  takun  tus — 

^1  Carbon,  iwr  lb '613x13906=10480 

^1  Hydrogen  (avaikblo),  per  U).       ■041x63535=  ^y&A 

^1  10,070,000  =  foot-lbs.  per  lb.                              =  13044 

^H  Thin  in  J '7919  B.O.T.  units  or  5-075  II.P.  hount.      " 

^B        1106.  Wo  must  noxt  coutiider  tho  nroporlion  of  tliiii  actdallr 

^H  utiliiutd  in  8to<ini  onginos.    This  will  depend  upon  thirir  ^^^ 

^H  sumption  per  "  indiontod  horse-power,"  and  this  varirvi  froa 

^1  3}  IbH.  per  hour  in  the  best  ou^ines  to  5  and  6  in  vomnion  onua.r 

^H  •  Tlin  iriJic*t*<l  hofit-power  U  luaillf  flmjilojril  ni  Iho  innuurt  iif  Work  nri 

^H  BMTil  at  .in  niiKtiir,  but  It  It  nM  rtalljr  w.  «■  It  Jsu  not  allotr  fur  tho  fricii.,,,  d 
^H  tho  «B^«  i\U!\(.  Tlin  (urr*(it  nlu*  run  b«  ucvrUibid  anif  bv  •oidis  kiuii^ 
^H     djiMnwtiiDUr  whicli  mouuiii  llic  actudTncdLuiiiialMMrgyenrUtlnt  IhniliivjM 

nlle;  or  Ihd  tDgio*  psr  IndlcBtid  honc-ptraar dtrslap^TlD  tii«  ryllinlei,  u,  jg 
Mr  mouuru  Iha proportion  otvuttfj  of  the  l\]«l  traniifoTinvd  LlIo  |imiura  ■ 
^H     (W  pittoD  b;  Ui*  >futj  of  iba  boilii  siid  qrUndtr,  ^^m 


Loi  us  tako  4  lbs.  u  tho  consumpliou  of  »  fairljr  ffxA  engine : 
let  iiM  tnko  3o«.  por  ton  ag  ibo  price  of  oo«l  am  a  ooovenient 
Sgurki  Ui  oorreot  to  actiud  prices;  ihis  (fives  ua  "10714  *'^* 
pcinny  iiit  Ua'  coot  ])<>r  Ih.,  wlitoli,  if  we  like  to  buke  it.  per  ton 
the  iMHiH  to  liu  tuultipliei^  oa  retiuiret],  beoomea  ■005JJ7.  The 
co«t  i)f  the  horse-power  boor  at  20*.  is  therefoTo,  at  1*5  Iba.  iwr 
hour,  -z676£,aiidat  4  lbs,,  '42857  of  a  penny.  It  appoam  ttiat 
tho  London  supply  ociinpaiiiea  average  ^  lbs.  of  cool  nor  u:iit,  or 
; '  2  J  jior  horwypuwer  boor,  owing  no  aonbt  to  tliv  uvinitnd  not 
being  connlant. 

1 107.  Gah  as  Fdkl. — A  ton  of  arerage  oonl  gives  9^00  ciibio 
feet  of  gas  of  -4;0Hp.  gr.,  wbinbii  }it  lba.of  gout  per  ton;  about 
IJOO  lbs.  of  ooku  HTU  also  prinluceil,  and  if  vrv  alli>w  ovon  ooo* 
third  of  this  ita  ouiutunii^  in  tLu  furnaoea  wo  lany  wmMvr  we 
get  about  1 1  ftH>t  of  gaa  for  each  pound  of  ooal  oonsumed,  tJiat  is, 
tos  fi>et  repnxiont  ut  nioMt  H  Ibtt.  ooal.  Tho  onei^  of  SM  is, 
weight  for  weight,  inuoh  greater  than  that'  of  coal,  ^  tho 
reasons  given  i  j8G  ;  in  fact,  the  energy  of  largo  part  of  tlw 
ooke  consunivd  r<.-u1Iy  p>u«(4  iulo  the  gan,  in  the  act  of  guifioa- 
tion  of  tbo  Koltd  oml :  aooonling  to  vartctus  testa  1  lU  of  gaa 
gives  2ifiOO  histt  unita,  or  fj,oo6fioo  ft.  lbs.,  and  an  there  oru 
about  JO  Ibe.  iu  1000  foot  this  moans  ;iOvOOO,ooo  ft.  Iln.  per 
1000  feet,  or  theoretical  IT.P.  honn  2;8. 

iroS.  But  wo  out  ctudly  tikku  pretty  oortain  fignros  here; 
we  Cttu  fairly  tako  tho  nricce  of  gas  ne  3*.  per  i<xx>  feet,  and 
there  are  gas  engines  which  work  at  Ji  foot  {>er  II. P.  honr,  or 
practically  40  per  1000  fbet.  This  worka  out  to  -ij^Sof  apenny 
for  poteutioi  energy  of  gas.  and  '7560  for  iho  practical  H.P. 
hour  intludin'j  labour,  hecatiso  tbo  gas  engine  needs  do  stoking, 
against  the  coal  coat,  j  1 106. 

iio>  PetToleum  oil  evaporates  15  to  18  lbs.  of  water  per  lb. 
against  10  to  1 3  for  ooal :  it  ooeta  much  about  the  sane  as  gas, 
at  all  events  for  light,  and  prubablv  for  engine  power. 

1 1 10.  Coil  tif  EheMe  &ier^. — Taking  tho  pricv  per  unit  at  6d,, 
the  cost  of  il.P.  hour  is  4*47)8  which,  divided  by  tho  efficiency 
of  the  motor,  gives  the  practical  cost  per  Il.P.  boor  in  ])enoe. 

I  have  tabulated  th«ee  various  costs  for  oomparisou,  adding 
the  oostbry  batteries,  taking  the  oo»t,  table,  p.  15).  with  -oi; 
per  1000  jotlles  as  average :  tliis  o:«t,  liko  that  of  ntearii  engines, 
would  be  increased  by  the  waste  and  the  ocst  of  labonr,  whkh 
b  not  incurred  either  by  the  gas  or  supply-fed  electric  motors. 

nil.  G»t  of  Local  Workin</. — If  wo  take  the  ease  of  home 
manufactured  correut  at  4  lb.  of  coat  -f-  an  etinal  sum  for  labour, 
it  is  clear  that  the  coet  will  be  thin  sum  increased  by  tho  offi- 
oienoies  of  dynamo  aud  motor.     Taking  these  at  So  per  cent. 


!  KI.KmiiMttO!IITTIilll.  [l  1 13. 

w«  have  crat  of  eleotrto  eseigy  por  B.P.  hoar  i  'O714,  ntiil  mo- 
obatiical  energy  i'})OJ  penoo.  Them  fi^na  Hd  not  itidHde 
oost  of  inacUiiiery,  wt^r  and  t««r,  &o.,  which  havft  1<>  Ui  icldoJ 
ill  Uiiu  cuAb  for  eiiK>>>«  and  dyuamo  as  well  aa  for  thn  luotor, 
wliiL-h  ia  ulou«  ui.-edl'd  with  8up|df  ourrent;  tiur  im  imy  lillow- 
aiica  lunilu  for  cunductots,  lealca([v,  Ac,  Much  malton  dopundiug 
on  local  CDiiniiiorntionH. 

Tlio  tvist  uf  lighlttiK  thu  Athonwuiu  Clul>  locally  ui  894J.,  aimI 
it  ia  haiil  lliiil  Uio  w>l'  at  'rf.  wuulil  W  i^Ji'- :  UitM  inoaaa  49,781 
unita,  {irudiicud  at  a  cuit  \mr  unit  of  4'1<I>  or  pvr  i-lcctrioaJ 
U.P.  hour  ^'2t6,  wliiijU  at  Bo  |>eT  iiMit.  offiotoocy,  to  oouijiare 
with  other  figun.^  diuuuh  J-J76  penoo  u  tho  aoto&l  cost  per 
mcMhuiiuuI  H.P.  huur. 

Cost  oi'  Ubciukical  Eserot  iik  n.P.  Hocil 
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I II 2.  TBAX^visiiiax   op  EsiCRGr. — This  enbjeot,  aa  ta  whM 
groat  ox|)cotatioiia  Iuto  kcon  put  furtli,  natanlly  ootiuM  tu  || 
oonsidonhl   horo.     Jt  will   lio  kooh  that  tho   jiracliiiability    g 
tmiisinimJon  to  Ovnittilorahlu  diHt«ncvfl  ilrjicndH  iiixin  tho  p,^ 
portion  of  energy  ilclivorod  to  timt  g<<intraU'il,  lliat  is  to   mil 
waste  of  energy  lu  tha  aels  of  trnnHmiwiiun  and  couveraian,  itM  1 
as  to  this,  there  aro  two  oiniiidnrnlioiiN:  (i)  the  oO«ut«  \vtt 
lai-ge  etirrtnlt ;  (i)  tho'^eeult^  with  hijh  E  }tF. 

The  priQciplo ohjeot  ia  to  utiliao  the  uatuial  energy  of  wttfr 
falU;  lliatof  ttuwing  wutor  can  bo  utiliiH»l  bcol  in  ita  u^'i 
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bourhooil ;  manv  have  triutl  tu  utilise  t)>6  tiJal  ismrgy,  but  that, 
it  is  well  proved  DOW,  cvinot  be  done  urofit&Lly.  Auothertoiirea 
of  energy  might  be  found  in  waau  fuel  at  the  niitiea  which  i» 
nut  woiih  oBiriagfi,  and  exoe|it  wliem  tt  ia  made  into  vom- 
pressed  fiiel,  noes  lo  waste.  I  may  sitg^^eKt  that  a  soutm  of  cheap 
energy  miKht  be  found  in  buruiui'  thiB  fut-l  at  the  bottom  of 
upraat  ithafta  of  minee:  thia  baa  loii^  hecu  done  fur  ventiktion 
ptujHwes,  and  it  would  be  easy  to  add  ajipuratus  to  gnnerute 
electric  current:  poaubly  even  the  thenui>-|iilu  «u  a  lar,£e  Kale 
might  hv  utilised  in  this,  and  other  oaa^a,  whciv  h«at  ia  going 
to  waate.  aa  in  flnee. 

lit],  Trantmittitm  by  large  eurmU  is  now  Tccoenieed  as 
impracticable  over  any  serluun  iliatunco.  beuauai>  of  ue  cost  of 
the  conductor  and  Ioks  of  energy  in  it. 

Tratumiuion  bi/  high  prfttitre  with  ooutinuous  currenta  is  limited 
\ff  the  difficulty  of  produoiug  dynamos  to  furnish  over  a-jooo 
volta.  Ab  tho  object  is  to  attain  tlw  highest  voltage  which  can 
be  kept  within  the  conductor,  allemalimj  currniU  give  the  best 
proepecta 

1 1 14.  The  probktn  ia  complex,  and  ita  separatti  {Kirla  will 
probably  rucxtivo  difli-Tcut  treatment.  It  Koomit  jiroluiMe  that 
the  uldiruutor  will  Iinvv  to  taku  th<i  mochanicnl  energy  from  tbo 
water  wtivel  or  turbino  and  triinnmit  it,  powitihly  at  30,000  of 
higher  vidtage,  overaurinl  conductont  to  the  ixitnl  of  consump- 
tion, whcTQ  transfonnurB  will  rt^luco  it  to  a  managoablo  voltage 
ri>r  local  distribution. 

1 1 1 5.  Whother  it  will  bo  distributed  in  the  alternating  form 
deponds  upon  wbt'thcr  nltomating  motora  bcoomo  trnstworihy : 
may  it  not  bo  that  the  true  process  will  bo  to  employ  at  tJio 
receiving  Ktntion  an  allomnting  motor  (manageoblo  thoio) 
driving  a  genorab>r  proilucing  coutinnoiu  cnrront?  Loo^  Ksb^ 
station  traiisfumitim  arv  eoining  into  faTiiur  for  light  distribu- 
lion,  and  Biiiiilarly,  we  may  havemotcr  goneralorv  tranjdbrming 
the  high  voltage  alternating  ourrout  into  a  low  volUgO  oon- 
tinuotia  one,  snitod  both  to  moton  of  simple  conetruetion,  and  to 
chemical  nset,  aa  well  aa  light  giving. 

ttt5.  Thi.1  liitvst  osponmcnt,  at  the  Fntnkfort  Kxhidition 
1891,  apjM.-or)<  to  havo  boon  suooceafnl:  full  [UkrliiuJurH  are  not 
yet  |>ubUiiliod,  but  just  ax  this  part  boa  to  go  to  the  piintun,  a 
preliminary  account  has  appcanvd. 

A  tollage  of  16,000  rolta  was  used  but  raised  occasionally  aa 
high  us  )o,ooow  Insulation  by  the  oil  inmilators,  as  introduced 
by  Ilestra.  Johnson  and  Phillips,  was  found  to  be  quite  tnis^ 
worthy,  only  one  insulator  giving  way  under  the  atroas  itself: 
there  was  no  leakage. 


614  Bacmw-iUQirsnsjt.  [irr?. 

The  capital  mUlag  war  £6o  [tor  H.F.  trnnHmitlttd,  uf  wliidi  £50 
wu  dev(Acd  to  Uto  conductor. 

Ad  efficiency  of  lra»nni$tiun  ut  7]  ti)  75  (Kt  c<^t.  ia  cklcalatad 
tu  liitvv  ))c<:ii  i>tti>iii<xl,  lut  I'lirtlit-r  dufinitv  uviduooe  ia  dmirnblc 

Tiio  diHtjinoe  from  tliu  wnturfnll  at  IjhuHvu  to  PrankTort  is 
1 1  2  niilua,  and  Hui  calouktio:i»  wen  tit  firat  baiwd  on  a  currDUt 
uf  6  iiiiipvtc<»  at  27,600  volU  ill  »  oop[H;r  ooiidnator  of  'o€  eq.  la.. 
witb  a  fall  of  [lotontial  of  10  [>or  ocut.  TriLDafonucxa  wtlli  oU 
innulatioD  wore  iiaed,  and  tlio  ganttrating  apMntuH  wha  tLu 
"  Dulmtroiu,"  the  rotary  field  dvnitnio  of  M.  DohrovruUky,  I 
givo  d<»criiitiun  uf  thii*,  voDdenHuti  fioui  a  jm^icr  b^'  Dr.  Oscar  Ukj*. 

1117.  TLe  Gurr«nt  is  a  ooiubiuation  of  tkrw  altomatiiig 
ourreutit,  with  thatr  phatcn  following  uoch  uthur,  utving  a  dj*- 
plaoemont of  iJo%thtia  produoiuga  mtury  niaguotio  fiuld.  Tba 
thrw  olwaw  of  ouiients,  "  oontinumiH,"  "  idtvraating,"  a&tt  "  ii>- 
biting,"  may  be  illuBtnted  by  the  nctioii  of  a  mognotio  needle 
■unoundcd  by  the  oonduotinic  olrcuiL 

Witli  a  wiitinuou*  curreut  the  noodle  atsnmea  a  fixed  pontiaD, 
its  dcfloolion  i  with  oii  aUernatinff  eurreat  (of  low  froquen^)  it 
HwingM  from  aide  toaido;  with  a  rotary  oarrvnt  (^ in  throvBeparate 
wiroa)  it  rotatos  on  its  nxla.  If  Uio  needlo  w  replaced  liv  u 
iron  cyliodor, «  rotating  motor  in  obtained  irhich  haa  Qefth<« 
winding,  collector,  nor  contact  ring,  and  of  which  tho  amiatuni 
is  not  included  in  the  circuit;  cuch  moton  will  start  with  a 
load,  OH  they  have  no  "dead  points  "  as  alternating  oonvnl 
motoTH  have. 

1 118.  Tbo  action  doponda  on  the  eoue  principles  aa  then 
udliEod  in  Sballcnborgcr's  muter,  S  400,  as  the  anooessive  ottrroota 
induce  poles  in  tho  iron  armature  and  currents  in  oloawl  win 
circuits  on  it ;  the  induced  polps  of  the  aiuiature  always  traTol' 
Uii(;  round  aud  fullowiog  those  of  the  roTolviug  field  of  tlu 
ourruut  hut  up  by  the  different  oiroaits. 

Therefore  as  there  are  three  circuits  in  the  maohtno,  tlint 
conductors  are  Deoessary,  bat  the  interchange  of  aetiouH  oaafalM 
eooh  of  these  in  turn  to  eerre  as  return  wire  to  the  active  circnili 
of  the  miitnont. 

1119.  Some  years  ago  Uessra.  TbomsoQ  aud  [louetim  (.<Uii|^ 
that  the  total  power  of  Niagara  coald  bo  transmitted  500  ri,il« 
by  a  hnlf-inch  copper  wire.  Tiiat  lies  not  boon  done,  but  utM 
oi'ti  boiuK  lalcoii  to  utilize  some  of  it,  aiid  Professor  Forber;  t-tMi 
that  he  hiu>  rocoinmetidc'd  Mordey's  alternator  for  the  pur^M 
working  at  10,000  volta. 

ti30.  It  idiould  be  undentood,  when  calculating  the  cu 
of  a  waterfall,  that  its  "total"  power  cou  never  be  taken  up 
any  me(^huiii«ni :  ihu  water  iaauing  from  the  turbine,  or  ^vu4 


must  relani  Maw  v«locitj-,  or  the  mBohine  would  atotiRltccetber, 
Mid  the  energy  kbeorbed  from  the  water  will  beutne  diMrmoe 
of  the  equarw  of  the  velocitiea  of  Bow  above  and  below  the 
turhme.  TbU  only  giv«is  tho  enet]^  eoiUtied,  and  is  subject 
to  looses  iu  distributioii  and  mechanisin. 

The  turbine  is  oue  of  onr  moat  efficient  machioea,  and  mar  be 
estimated  to  deliver  7  J  per  cenL  of  the  power  due  to  the  "  need 
of  water." 

iiai.  IsDucnos  Coils. — Tliwe  are  an  application  of  the  prin- 
ciples studied,  Sj  qjS-95i.  They  ooii&i»t  of  diatmct  parls,  the 
fmMitioo  of  wbioa  ahuuld  ho  understood.  ( i)  The  iron  oore. 
faj  The  primary  wire  wliich  owiveys  cuirent  from  the  battery, 
(ij  The  break  which  interrupta  the  current,  (a)  The  eeooiidary 
wire  in  whioh  the  induced  oumut  ie  set  op.  ( j)  The  iUBUlatioin. 
(6)  The  ooudenaer. 

Between  all  thece  parta  there  ia  a  due  propoTtioo,  and  Fig. 
103  is  drawn  to  a  scale  intended  to  exhibit  that  proportionate 

Pio.  102. 


relation  for  the  beat  oonstnictioii :  it  repreaente  a  ooil  withs 
oore  I  foot  long  and  il  inch  diameter.  The  proporttona  aro 
related  to  the  lawa  of  elcctro-magneta,  modifiE<d  by  the  droara- 
atancD  that  tbi>  oore  oannot  bu  saturated,  and  is  only  acted  qd 
for  a  &«ctioD  of  a  eocond :  thv^roforo  it  should  not  be  so  long  as 
a  real  maj^et ;  on  the  other  hand,  for  rery  largo  ooila,  the  length 

2  i.i 
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i«  iu1vAntj^i;«oasl7  incriMkBOd  so  am  to  K-<liiiy  tlic  ilixtutK^  of  tho 
ifoC'milu'}'.  The  etUpw  nbown  tho  ni««t  ndnuitaj^ixttia  furm  in 
wliioh  Uitt  wires  ouii  l>o  Bming<M.l  tv  oocnpy  tbo  mowt  offe<;livD 
portiim  (if  the  npac6  inurlceil  in  thick  linw  from  tho  puinla 
a  b,  iu  Fig.  77,  i  95 }.  and  th«  foUowini;  oxplMUktion  will  aniHt 
in  tlio  mukius  ot  a  ooil  la  tliu  bent  tulvantngo. 

1 1 23.  The  vor«. — Tbia  aotii  pTinrly  m  an  rloctro-magnotf  and 
should  ba  made  <tt  th«  jmroiit  .-tnd  HoflMi  iron,  no  titaA  it  nuty 
iiHigtietf»  and  demugn«tiKe  mpidly  ami  oomplotolr.  It  Rumt 
not  set  up  an  indui^  ounvut  vrirhin  itwll,  thoroforo  ite  own 
niul«l  mtiat  iiut  forui  a  circuit  wliich  would  Aot  aa  dixs  tlie 
bnHM  oovering  tube  doouriliod,  $  1 148.  It  shoald  bo  mndo  of 
wire,  l9  to  ai  gnuge,  cut  in  loiigtliN  in  oxcom  i>f  tbo  ititondfd 
coil,  MO  aa  to  pr»jeot  at  both  <-iid«,  im  olitiwn  in  dotted  line*  at 
ODD  end  e:  they  should  be  pnckod  into  a  mctt4il  oylindsr  of 
iinipiTT  aiKa,  fVom  wliioli  llii^y  oiui  Ira  sTudually  ]init1i«il  ont  and 
bound  with  irou  wiro :  tbuy  slmuld  then  bo  jdacod  in  a  oliar* 
ooal  fire,  innJii  red  but  fur  noma  time,  and  allonud  lo  vool  as  tfaa 
fin  gooN  out  not  by  removal.  The  binding  wire  Khonld  ba 
gradually  unwuiind,  and  rc-ploood  by  tnjio  cototkI  by  stripe  of 
HtuDt  pnxwr  paxtvil  on  to  ivrm  a  cylinder,  which,  when  dry, 
sliuuld  be  wanuod  nod  aoakod  in  moltod  pomffin. 

When  a  romovaUo  core  i«  dnired  for  exporimcDial  ptirpoMCv, 
or  Buob  an  amingomont  u  it  d«Bcribod,  $11;},  for  mc<lioal  ooib^ 
it  is  boltor  to  form  a  oylinilor  of  papor,  or  ebonito,  iSco,,  on  a 
aligbtly  tapc^ring  mandril,  and  construct  the  coil  upon  Ulia, 
iniwrting  llio  corn  afturwARls. 

1 1  J}.  Fig.  to}  rvpre«ent«  a  c«p  of  motal  to  be  fitted  on  bi 
each  end  of  the  ooro  or  to  the  mandril,  to  work  in  a  slot  in  ba 

upright  frame  bo  that  a  handle  can 
bo  sTippod  on  either  end  to  wind 
up  tho  coiUof  wire.  Thiaoouldbe 
done  in  a  latho,  but  is  far  better  dona 
by  bund  in  a  frame  fur  the  purpoatk 
Wbt-n  tho  coil  is  completed,  tha 
tapw  (which  may  bo  epcurwd  Iw 
itbulUo  ottniont)  aro  rvmoved,  tfe 
end  of  the  oru  at  b  is  to  bu  tgt 
off  and  flled  io  a  perfectly  nmootli  face:  the  end  c  proj»-oti« 
bayond  the  calciilAtod  length  of  th«  core,  nnd  the  armAim-DH, 
the  other  end  will  bolh  add  to  the  inductive  actions,  aal"^ 
i  9B1,  by  tbe  increased  magnolio  oajiaoity. 

1 1 14.  The  Primary. — This  should  he  wlk-coTcri^d,  bt'oansc  (bt 
mngnutiam  induced  depends  upon  the  current  and  tlic  numb«rrf 
lurnit  of  wire,  and  this  will  bo  grc«tor,  tho  Iwn  room  tlio  iuwilt- 
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tion  tokos  up ;  it  Bhonld  bo  of  tii^b  ooiidnctivity,  and  eoft,  so  as 
to  h«TO  no  spring  in  it  Th«  size  must  be  aeteoted  with  an  eye 
to  the  battery  power  iulondod  to  be  used,  ao  as  to  develop  toe 
grcAlcist  current.  No.  14  would  ^nit  a  coil  a  foot  lon^  to  work 
with  low  battery  power :  for  sniallt-r  coils  No.  18  and  even  ao. 
It  ehonld  bo  in  one  longth,  in  caae  of  any  accidt<nt  oocurring  at 
a  join,  and  a]«o  to  avoid  irrognlariiy  of  f^mu  which  is  apt  to  be 
caused  by  •  joint.  The  qneation  os  to  the  advantage  of  two  or 
three  lajren  is  of  the  same  order  as  that  of  siie ;  it  ia  a  matter 
of  resistance,  airrent,  and  space  oocupied :  the  balance  is  in 
favour  of  two  layers.  This  also  briuKi*  the  two  ends  to  one 
extremity;  if  three  are  preferred,  the  end  of  the  wire  must 
be  brought  out  and  carried  ba^  under  the  stand  in  inounljn;;. 

ttl5>  For  genoml  purposes  it  may  be  wise  to  err  on  the  side 
of  usinf;  wiies  too  gnmtl  lather  than  the  reverse,  because  that 
error  partly  oompmisatcs  itself  by  the  ereater  number  of  turns, 
and  may  1>C>  corrected  in  working  by  ubidk  an  extra  cell  or  two, 
but  tliis  does  not  hold  with  really  good  coils.  AmpfT«  lunu 
roagnotiKe,  and  so  far  it  matters  not  how  they  areobtained  :  but 
here  the  object  is  to  got  the  energy  into  tho  secondary  wire,  and 
as  the  envrtfy  chai^  of  tbo  core  will  tnke  the  most  perfect  path, 
the  result  depends  on  tho  relative  EM  F.  which  can  bo  genorated 
in  tho  two  wires  availnblo  as  wall  as  on  the  rosistances  of  tho 
two  availabk-  circnitj^,  'I'he  K  M  F  depends  on  the  number  of 
/urn* :  therefore  the  more  t)ion>  aro  in  the  primary,  the  i;roiit«i 
the  tendency  to  eitra  current  there,  and  loss  of  enei^  in 
s{iarkiiif;  at  the  break.  There  is  a  great  deal  of  mystification 
aliout  seif-induc^ion  in  tho  usual  treatment  of  this  matter,  but 
this  is  the  simple  and  natural  eiplanntion. 

J 1 26.  When  winding,  place  the  core  in  the  frame  with  tho  b 
end  to  the  left,  as  the  wiiw  coniin<iiic<«  there ;  tic  the  wire  firmly 
to  it  with  a  sufBciont  Icn^h  for  connection,  and  wind  iip  n* 
firmly. and  closely  a*  possible,  turning  the  hnndle  upward*  to 
form  a  right-handed  helix.  \Vhon  tho  layer  is  complctod,  611 
up  the  furrow  between  tbo  wire  with  a  ioft  cotton  cord,  or  atont 
knitting  cotton,  then  hind  oTpr  firmlv  with  a  strip  of  dry  silk 
or  silk  binding  (snch  no  tho  drujwrs  sell  as  flannel  binding),  to 
prevent  any  acoidontsJ  cmljwt  by  chafe  of  tho  wire".  Now 
wind  the  second  tayor,  and  aocurc  it  in  tho  xamo  manner.  It 
will  be  wise  now  to  tent  the  rtointanoo  of  tho  wire,  wliich 
sbonld  be  vlightly  greater  tlinn  luifon;  winding:  if  it  is  loos, 
there  is  contact  somewhere,  which  munt  \>o  niniodied  by  un- 
winding. Tho  core  and  primary  should  now  In-  wanned  and 
well  noaked  witli  nioltod  pataETiii,  unlom  it  is  pmforrod  to  leavo 
this  till  tho  coil  is  complcttsl. 
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1117,  Intutaliag  Tub*. — Th«  Gor«  mi  primaTT  are  now  to  be 
inclosed  in  a  tnbe  m  Bhown  by  e.  Pig.  101,  whicu  rMnirea  to  be 
thicker  at  tho  ends  thas  at  tho  middle,  aa  drawn,  because  the 
great  risk  is  a  dincbaree  by  eparlts  to  tbo  primary,  or  oore^ 
which  oETcr  a  good  tdrcuii.  Ad  ebonite  tube  is  nsnally  ncom- 
mended,  but  it  is  ooatly  and  difficult  to  fit  exactly  to  the 
prii»ai7  without  waste  of  space.  Such  a  tube  can  advautafw- 
oosSy  be  built  out  of  the  thinnul  iheet  dioniu.  Meaaure  the 
proper  size  with  a  ^ieoe  of  paper  cut  to  fit  ti;;bt;  cut  out  a  pieoe 
of  tho  obonito,  whicb  is  best  done  with  a  eliarp  point,  or  a 
tcnnit-Mw  dtawn  over  the  siirrace;  hold  it  l«foio  a  flro  tilHt 
softcna,  and  beud  it  ovor  the  coit,  binding  it  with  a  tape  till  ooM ; 
then  Becur«  tho  joint  with  shollao,  and  add  a  second  cylinder, 
brcaktsg  joint  at  the  oppoeit^  side :  in  a  large  ooil  aoTerol  nioh 
layers  should  bo  u«ed.  J'hree  diebs  of  the  thin  ebonite  are  to 
be  cut,  with  central  boles  to  suit  tho  position,  as  ahowii,  and 
slipped  npcD  the  blinder,  which  is  then  thickened  up  at  the 
onds  by  shorter  cylinders,  as  shown.  When  dry  these  may  be 
turned  down  to  a  regiilar  ounre,  if  doeircd,  or  the  disks  b«ing 
sot  in  position,  a  strip  of  paraffined  paper  may  be  wound  on 
to  the  desired  thickness,  as  directed  in  the  winding  of  Um 
secondary.  In  disltH  i  and  }  there  are  to  be  holes  throneb 
which  a  ten;-th  of  the  secondary  wire  is  paased,  as  sh<i\^-n.  In 
small  ooils  a  single  disk  wilt  snffloe ;  in  larger  ones  others  are 
to  bo  sddc'l  HO  au  to  leave  no  space  wider  than  3  to  j  inohes, 
but  so  nH  to  keep  an  oven  number  of  spaoes.  The  diskn  shoiilil 
bo  ihickcnoil  alu^rnatoly  at  the  middle  and  edges,  so  that  thu 
thin  pan  is  whoro  tho  wire  passes  from  one  oompartm^nt  t<>  thn 
iioxl,  that,  is  to  say,  where  the  dilfei'enoe  of  tftUNion  is  lc«rt 
between  the  neighbouring  portions  of  wire.  There  are  two 
ways  of  tliioketdng  di-ks  -,  another  disk  of  sheet  ebmiitu  luaj  be 
out  of  tho  proper  size  and  lasped  away  at  one  eilRe,  and 
oementod  with  eholtao  on  eaeh  side  of  the  priucipil  disk;  of 
disks  of  parnfliRpd  paper  may  be  cut  and  added  at  intervuls  ^ 
tbo  wire  iH  wound  on,  which  is  rcadilr  done  by  cutting  a  slit  b 
each  ■(!  as  to  idip  it  on.  Tho  first  plan  is  preferable  wtiet,  ^ 
Uiicknoss  iH  in  the  centre.  , 

1 1 28.  The  two  (.■iid-picocs  may  !»<  made  of  ebonite,  but  ^v^JRj 
baked  mahogany  saturated  with  paraffin  will  answer.  Tho  ittav 
faces  may  have  a  looess  out  in  thorn  to  oontaiu  a  circle  of  tlij^ 
sheet  obonito  where  in  contact  with  the  wirm,  and  if  doNircj^i 
casing  of  thin  ornamental  wood  can  Imj  used  to  cover  thr;  ri-iil  oiA 
In  most  coils  these  ends  are  circular,  with  a  flat  face  at  tho  lomr 
odgo ;  but  in  fig.  loa  they  are  rectangular,  in  order  to  usnr 
tJiO  tvrrainals  and  disobai^er,     Whichever  plao  is  prefunw. 
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thoy  are  now  to  be  fixed  firmljr  upon  tbo  ioralating  tnbe  so  aa 
to  inclow  withiD  thoni  {wrt  i>r  the  prinnirv.  w  iIiowd,  forming  a 
tviiDploto  rool-  Th«  iiiRiilntinx  tnlxj  Hhonlit  be  carried  to  the  end 
of  the  tan  (instead  of  licing  cut  «lf  tii  tbo  ellipse,  as  shown  in 
the  flgnre).  bo  that  tho  cni»  may  be  fixM  socnroty  npon  it. 

II 19.  Tht  atamdars  leiff.  in  to  Us  Uid  with  iiH  turns  parallel  to 
those  of  tho  primary,  nnd  ilm  iiiivny  turns  gut  into  the  spa^a  as 
oonaista  with  the  other  ewontiul  conditiuos.  The  sixe  of  wire 
depends  upon  the  objoot  atmod  iit.  A  full  busby  spark  depends 
on  qiianlily.  and  this  oti  the  law  of  tbo  wire  ;  length  of  spark 
depends  on  tmnion,  nnd  thin  upon  thi:  number  of  turns :  the  sise 
of  nnro  will  rnngo  Iwtwoon  N«k.  jj  and  40.  The  ooil  is  to  be 
arranged  in  the  winding  stand  ah  before^  with  tho  b  end  to  the  loft> 
with  piece*  of  wiukI  or  oark  in  idl  tbo  apaooe,  except  tho  end  j  h, 
to  support  tho  dinks ;  the  end  uf  tbo  wire  ia  to  bo  paned  through 
a  bolo  in  disk  },  and  seonred  i»  the  space  1.  }  for  joining  to  tae 
wire  which  iji  to  fill  that  space,  and  then  wound  in  tho  spaoo  j  b 
so  as  to  form  ahoUx  oorresfwnding  to  tlintof  the  primary,  with 
tho  prcoantiona  as  to  insulalion  deaoribod  $1130,  filling  op  to  the 
elliptic  outline,  and  Icaring  the  cud  out,  for  connvotioD  to  the 
termitial.  Next  till  up  the  aimce  t-i  in  the  aame  way.  Now 
turn  A«  ratt  nvi  far  enA  in  toe  frame,  brii%ing  it  as  it  It  in 
Pigi  101 ;  and  fill  up  the  other  two  spaces,  joining  the  wir«  to 
the  ends  loft  in  the  spaoos  for  that  purpoao ;  then  the  spires 
will  all  bo  in  the  saiui^  direotion  and  m  a  coDtinuons  helix, 
whon  tho  two  ends  at  piirtition  3  arc  soldered  togethor, 

Tho  object  of  thia  ounxtruction  is  to  concentrate  the  streases 
at  tbo  ends  of  tho  coti,  where  tnanlation  is  most  oasv,  and  to 
secure  the  most  perfect  inoulntion  where  met  required.  In  tbo 
common  ocinatrnotion  with  tlm  seoundnry  wound  baokivards 
and  forwards  from  end  to  eml,  tui  in  Fig.  105,  it  is  obvious 
that  a  great  length  of  wire  interveD««  between  the  proximate 
ends  of  two  separate  layers,  and  there  is  great  nak  of  a  spark 
breaking  through  tbo  insulation. 

1 1  )o.  Inrntalton  0/  Seeoudarg. — The  win>  itself  should  he  sJlk- 
eorered  :  it  slionld  ))0  well  hakol,  layed  on  while  quite  drj-,  and 
is  better  fur  being  pitntlTiued.  Birtvrbon  each  layer  an  insulating 
film  i«  spread,  which  is  usually  made  of  several  diidcneaaea  of 
gattapenoba  tissue,  but  it  is  doubtful  whether  good  papar 
iMr.imnwl,  »ucU  an  is  urad  for  the  eontleuKer,  in  not  better.  The 
Wt  mode  of  applying  either  ia  to  out  it  in  lung  idipa  half  an 
inch  wide,  fix  thu  end  over  the  end  of  wiie,  and  wind  spirally, 
«o  that  the  atrip  overlaps  half  its  width.  Ou  reaching  the  end 
or  partition,  the  a)>aoe  should  be  perfccllv  (llltd  with  soFtenad 
paraffin  i  the  strip  ahould  then  be  folded  back  on  itaelf  olooie  to 


the  wall  of  the  spnco,  und  wound  Rpirnllj:  W;k  liAlf-way  tip  tW 
apaco,  80  as  ta  givo  two  tLickncmoii  of  pnpor  vrhor«  litUa  insuU- 
lion  is  necd<M),  and  four  whoro  it  i»  inost  rec|tiin>d.  ]n  loatf^ 
Buaoea  or  tindividod  c(iili<,  tho  Btrip  dioitld  bo  roturnod  two- 
tMrds  of  tho  length,  nnd  ftgnin  for  one-thin),  ki  ag  to  have  six 
thiclineaBc§  at  tho  duRgt-rouK  vtiik.  If  pAraffinetl  pttpcr  is  osi-d, 
the  final  [iroccsB  will  mnko  nil  neciiro,  but  if  gattA[)«TOha  is 
employeil,  it  will  t>o  >ii  improvoment  to  paiot  round  the  ends 
at  each  layer  with  ^ln!llno  i^inrut.  Some  paint  tho  whole  wiio 
thus  when  kid,  htit  tins  rondcn  it  iK-xt  to  impoiwible  e\er  to 
remove  tho  wire  if  dpsirud.  Guttnii«rchft  iJiesolved  in  benmle 
or  in  oil  may  be  used  inot^ud  of  Kholloc 

When  tho  ooil  iscciiiiplcted.Himilar  oxtomal  iDsulation  should 
bo  employed,  filling  nji  tho  outer  dottvd  lino.  Pig.  i03.  This 
should  bo  of  nn  njr-nroof  naturv,  such  ns  pttraffinvd  paper  or 
solid  guttapercha,  olherwiiiu  the  gnttnporoba  sheet  is  upt  to  b« 
dostroyod  hy  tho  action  of  the  nir.  If  paraffin  inanlation  is  nwd, 
tho  coil  shoiihl  1*  slowly  warmod  for  some  hours,  and  then 
saturated  with  melted  paraffin  before  Applying  this  «xtenial 
covering. 

1  iji.  Hie  conHnuity  of  lh«  ttin  should  bo  carefnlly  watched 
through  out,  (la  descTibod,  §1151  (7),  cr  At  loMt  tested  aiie«ch  layer 
is  <Miii[)lot«d,  l<iKt  any  break  chonid  ocuur  unnoticed.  It  isalsoft 
grout  advuntngci  to  ti-Ht  iho  growing  imiiiotivo  actionaa  the  OCa\ 
iimgrciSBos,  which  iit  uiiu  Teoson  aIsu  for  building  it  oD  the  oon 
itdolf.  At  tlio  L-urlier  stages  this  may  be  tostod  by  a  suitable 
gitlvuno meter,  ouiitivcting  up  a  einglo  Dtuiiell  cell  to 
priiiiiiry,  with  u  huml  contact  key  intorpusod,  and  obBer^_^ 
the  delkH'tiun  pruihiced  on  muking  and  hrcJiking  contact:  wbMi 
the  coil  had  Ku  far  progrossird  an  to  givo  i^|>iiTks,  a  discbatger 
luuy  be  mhl-A,  and  the  break  koy  abould  have  the  coodebser 
atiAL'hed.  Tho  iiicreuitng  spark  can  bo  thus  watohed.  ttitd  asf 
acai<!oiitul  failure  of  iiiBultilion  at  onco  dcloctod  before  it  is 
covered  up.  The  conatruction  of  a  largo  coil  is  a  matter  of  aa 
much  labour  that  tliute  procututiona  aro  of  great  oonsequeoee.'^ 

IIJ2.  Thfi  Bnak. —Ilm  ci>nMtniction  of  this  is  simnlei,  b 
involves  impurlnnt  principles.  TtM  objoota  aro  (i)  to  oiooe  the 
battery  circuit  fully,  with  as  little  resistance  as  possible.  This 
requties  a  good  contact  xiirfucc  at  the  platinum  iiointa  aud  a 
strong  pressure  of  the  ajmug.  (2}  To  maintnin  the  coitUust  till 
the  oore  is  fully  luaguetlxed.  This  require*  the  rosistanee  of  ths 
apring  to  be  just  sufficient,  so  aa  not  to  aIIow  the  armatun  to 
be  moved  until  the  full  [nugnDtisni  is  approached :  for  this 
r£oaaon  it  is  desirable  to   plaoe  tho   point,  as  shown,  at  wme 

'atico  down  tho  spring,  whioh  then  .iMsumes  a  onrvo  bolbte 
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afitually  dc«trojing  oontact.  To  BtMist  ihU  the  spring  may  be 
of  taper  Tonn,  thintiiiiK  away  towanlii  tho  upper  end.  (j)  to 
break  ooutaot  as  sharply  and  complotoly  as  pgesiblo. 

li}j.  The  armature  tniut  be  of  the  beet  soft  iroii  and  as 
uaegire  as  the  core  itself;  it  in  fact  nets  as  a  prolongation  of 
tbft  core,  and  assiats  tbe  inductive  actions.  Tlie  ooostruction 
is  shown  b.  Pig.  t03,  tho  spring  is  secured  to  a  brass  bracket, 
wbicb  carries  also  a  sot-screw,  by  which  tbe  distance  between 
armature  and  core  nnd  the  resiKtanco  of  the  spring  are  adjusted. 
A  similar  but  higher  bracket  carrice  a  screw  pointed  witli 
platinum,  and  provided  with  a  loose  set-unt  to  prevent  its 
shiftiug  with  the  vibrations.  The  platinum  should  be  soldered 
in  position,  but  caro  must  bo  taken  that  do  solder  rnns  over  it. 
A  hole  should  bo  drilled  in  the  point  of  the  screw,  and  tinned 
by  menus  of  a  pointed  wire,  and  tho  platinum  wire  entered 
firmly  in.  The  piooo  on  the  spring  may  bo  a  piece  ofthick  wire, 
in  w&ich  cose  a  hole  shoulil  be  drHIed  in  tho  spring,  in  which  a 
ri'4uced  end  of  the  platiniini  may  bo  onlorod,  riveted  ap,  and 
touched  with  solder  on  thv  hai^k.  A  pidce  of  stout  sliMit 
platinum  may  bo  nseil,  in  which  case  tho  spot  it  is  to  ocoiipj 
Mliuiild  bo  tinned,  the  platinum  pUocd,  and  tlio  iron  oarefnlly 
npplied  round  the  oilge«.  Platinum  reiuires  to  be  moistenea 
with  flux  to  enable  solder  to  take  readily. 

Kor  some  purposes  a  break  worked  by  hand  or  mechanism  is 
useful,  and  oonsisis  of  a  spring  pressing  on  a  ratchet-wheel 
revolved  at  a  fixed  rate.  This  may  be  interposed  l)etween  tho 
coil  add  baltury,  tho  onlinsry  break  being  screwed  up. 

1 1 1^  Mtnuru  Break. — The  mere  0i>ntact  of  the  point  against 
the  spring  makes  imperfect  circuit,  so  that  fur  largo  coils  a 
bettor  contact  ia  obtained  by  using  a  wire  dipping  in  and  out 
of  mcroury ;  it  may  bo  moved  in  several  wars :  ( i)  a  oopjMr 
wire  OAD  bo  attached  to  tho  top  of  tho  vibrating  xpriug  of  the 
usual  brvak,  Fig.  lOJ,  and  bout  over  so  as  to  dip  into  a  vi'ssol 
"I"  mercury  :  fj)«n  iron  rod  may  be  fixed  ou  Uiu  top  of  a  woodiin 
pillar :  u  spiral  vt  copper  wirv  of  tho  aame  gauge  as  tho  primary 
wire  is  wound  lovsoly  amuud,  so  a*  not  to  tottcb  tho  iron,  and 
to  extend  to  twic«  it-'  li-nglh  :  the  npjior  i»rt  of  tlie  apiral  is 
connoctoil  to  the  circnit,  whilu  tlio  lower  end  is  bent  out  and 
made  to  dtp  into  thu  moroary  cup.  The  paxsing  current 
magiieti/.es  tho  iron  niid  contraota  the  spiral  »o  aa  to  lift  Hit  end 
of  tho  wirw  out  of  tho  morenry. 

ITiu  mercury  cup  should  have  a  copper  rod  in  iiaboltom,  by  a 
screw  on  which  its  height  con  be  adjustod ;  the  mercury-  may 
W  rendered  Irss  ninbilR,  by  having  silver  dissolvnl  in  it,  and  it 
should  bo  ouvorct)  wjih  alcohol,  or  miii  poruflin  oil;  ihjii  servos 


two  pnrpMea :  !t  preveoU  the  luercnrr  soaturing,  aad  hy  iU 
.Idgbar  Btrew  endonutoe  pievcuU  the  formation  of  the  apukaad 
«to^  the  extra  ourtent :  the  eud  of  Ihe  wire  Bhoald  have  a  stout 
platiQUm  wire  fixed  to  It,  and  tlie  cup  shoald  have  a  oover  vriUi 
a  hole  in  wkioh  the  win  oan  pUjr  fVe«ly.  Such  a  brouk  nuy 
be  made  isdepeadeut  of  the  ooil  current  ii^  bein^  workixl  from 
an  iiidepeudnntoe)1,or  inediaaioallT,  in  wLidi  caae  two  muroviy 
onpH  may  be  naed,  witli  a  l)ridge  of  wire  mnv^il  l>y  the  appttratu* 
and  muking  avtimi  brciilc  in  only  one  of  Uie  ouj>b. 

11 5v  TAe  CoaHnuier  ba  mode  aa  descirilwd  |  84,  bat  for  small 
coilB,  gooil  |)iiptir  well  dried  will  answer.  The  ari_ik  of  foit 
depends  npun  the  battery  power  to  be  nacd,  incrcaiaitig  with 
tJu8 :  if  the  onndenaer  oapaoitT  is  too  great,  the  spark  ia  roduocd. 
poanbly  by  the  ootiua  leierTea  to  S  109.  The  beet  way  tu  fiad 
the  proper  siiso  i«  to  connect  it  to  tlie  ooll  while  making,  and 
teet  tke  effi»ct  of  each  added  pair  of  oheeta  on  the  break  and  the 
■park  prodticcd. 

1 1  j6.  Oil  iriNiilation  hiui  rccoutly  been  applied  to  oondetisMt 
by  Mr.  Swinburne,  in  a  mniinur  whioh  promioea  ffooil  rosolbt: 
he  uses  "  biittiir-skiii "  puixr  liutwceu  tne  foils ;  thiu  i«  h  fins 
tissue  papiir,  propiirud  with  pitrafGii.  When  the  ooudonscr  ii 
built  np  hu  heats  it  for  a  long  tiino,  under  preMQFO,  Rod  tJMB 
allows  paraffin  oil  to  cnlor  and  fill  up  the  whole  M|>ace.  Of 
ountne  tnnn!  muxt  bo  a  casing  which  |>r(iv<!titn  eiioape  of  oil. 

11)7.  Thu  two  facoM  nro  cuiinuctod,  OK  Hhiiwu  Fig.  io3,  to  tliu 
spring  and  iwrow  of  the  bronk.  It*  finiuttoii  is  to  nbeorb  tbf 
"extra  currtiiit"  uf  ihu  primary,  im  In  tih'iwn  by  tlie  reducUou  ■■( 
the  spark,  wliivh  would  otherwitiu  deutruy  tbii  platiunra,  llw 
enables  thu  oiru  lo  1m  ijuiukly  dcmagnoUxod,  and  tlto  oharvu 
reiiifurouK  tho  luitwry  uurrout  at  the  nest  cloae  of  the  cirouiL 
The  elTi^at  ix  to  prevent  energy  being  «i«iIo»iily  expended,  itii>I 
to  transfer  it  to  IJie  secondary  wire  as  exnlaineu,  £  958,  aud  th' 
oapovity  neo«lM  to  be  just  equal  to  doing  tliis,  and  the  buttur  tlx 
breiik  duL'H  itn  work  the  less  the  capacity  needed. 

11)8.  Simiile  Coiutruetiott. — Very  effective  ooila  may  be  n^iiiU 
by  careful  wurk,  depending  upon  w-cll-Heleoted  paper,  S  84.  ^-i 
paraffin:  suocuss  dupenda  upuu  iti.>curtiig  ubeenoe  of  moistiii,,  b 
baking  at  intervalis  whidi  la  bL-st  douo  in  a  water  oven.  '^^ 
oan  bo  oonstruotod  of  a  tin  cylinder  standing  in  a  sauu<,-j,^„^ 
water;  a  little  holu  in  the  oover  of  Uie  cvlimlor  shuuld  Imvc* 
pioce  of  pipe  fixed  lo  it,  so  that  by  holding  a  ])ioce  of  coU 
gloaa  against  its  end,  the  absence  of  condensed  uj>>i(iiiin 
will  provo  drynoM.  'liie  core  being  made  in  a  |>it|>i'r  iii|»rM 
descniwd,  §  1133,  thu  ends  Hhonld  be  fitted  firmly  ""  ii,  ibr 
primary  wound  on,  and  tlie  insulating  lube  ci^muiLiitid  hj 
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winding  on  etrips  of  paper  of  which  th«  first  layer  or  two  may 
ho  piuitoi!  with  fresti  nonr  pnste ;  this  is  allowed  lo  dry  and  well 
hnkod :  tii«  Booondary  ia  to  be  woitiul  on,  and  insulated  att  in 
i  It 30,  with  pajier  strips  not  raraffined:  the  finished  cot) 
should  l>o  cased  with  paper  strips,  pasted  here  and  there  and  at 
the  onds  to  hold  them  in  place,  then  baked  slowly  till  quite  dry, 
boiled  till  fully  soakod  in  the  paraffin,  and  allowed  to  cool  slowlv. 
It  in  woll  to  make  the  coil  in  tliis  way  with  thin  inner  onds 
which  can  be  made  of  paper  pasted  lof^ther  and  dried  and  made 
to  tho  eiact  siae  required  :  itte  coil,  th'is  complete  in  itself,  can 
then  bo  mounted  in  ends  of  woods  or  other  material  in  wbioli 
roocwe*  are  turned  to  receive  it.  This  plan  is  bettor  than 
nxing  Htripe  of  paper  paraffined  first,  as  this  ia  apt  to  be  brittle  ; 
but  iftliiii  is  proferrcid.the  wire  i-faould  first  be  baked  and  waked 
in  |Mirn<fin,  or  run  through  it  as  wound  on  :  the  paper  in  this 
c«so  xhontd  bo  warmed  as  it  i»  applied,  tu  diminish  its  stiffncH 
and  brittlencm. 

1 1  ]9.  Due  Ooilf.— Tho  siibdirision  tihown  in  Pig.  loa  ia  aemo- 
tinim  ^roattv  oslondedi  the  soctions  l)oing  only  an  i-ighth  of  an 
inch  wide,  "in  this  caBQ  tbey  shoidd  be  made  in  pair*  upon  th« 
lumoprinoiptesaa  are  explained  I  1139;  thoy  shoo  id  Im  made 
to  altoe  over  the  primary  indoeed  in  a  straight  tulw,  and  tho 
increasing  thioknen  obtained  at  the  ends  by  patting  additioniil 
materinl  in  before  the  wire^  The  best  process  is  to  make  a 
mandril  of  the  proper  sice  with  two  metal  cheeks  of  the  »im  of 
the  coil,  one  being  movable:  a  disk  made  np  of  pamfiinwl  paper 
■H  jilacod  agaiuht  the  filed  ohe«k,  then  the  c)'lini)er  of  rennirod 
thioknoss,  then  another  disk  through  tho  inner  |>»rt  of  which  iin 
end  of  tho  wire  is  passed  :  against  tlits  tho  olher  chock  ix  fixed 
K'liuitofonaA  narrow  reel.  Tho  wire,  which  shitild  1«  paraflSned, 
ia  now  run  on  so  as  to  fill  thb  smoo.  when  boiling  pnrafBii  can 
he  run  in,  which  coolii<K  will  mako  a  solid  miu«. 

I'he  niovalilo  cbeok  is  then  to  be  takrm  off,  auntlier  cylinder 
and  disk  added  so  ■■«  to  form  another  reel ;  the  mandril  is  then 
reversed,  freah  wire  joined  to  the  end  left  on  at  firKt.  and  run 
on  a«  before.  This  pair  of  sections  has  two  oods  on  the  outside, 
and  can  be  placed  on  tho  primary,  to  be  followiyl  liy  otliera 
viniilarly  constnioted,  and  when  complete,  the  ouLt^r  ouoh  of  the 
wired  are  joined  together  in  one  continnous  circuit,  the  whole 
wanned  nnd  trcatt-J  n'tth  paraffin,  as  in  f  1 1  }8.  It  will  be  seen 
tliut  on  thiH  plan  the  disks  roplooo  the  insulation  between  the 
Uyera.  bec«use  in  tfaoso  thoniisooinpamtiTelylittJe  diflorcnoeof 
potential. 

■  140L  DiMENsioxs  or  Ooii-f, — It  is  not  po*.->ihlc  to  give  exact 
figune  to  attain  definite  results,  as  mnch  depends  on  oare  \q.  1^,% 


laakinK  ;  as  k  role,  i  lb.  of  wira  of  No.  )6  size  abould  givo  i  inch 
of  spark;  but  bsyond  i8  inche8intt>tigth,Iai-u«ooilATuroly«>tiie 
up  K>  this  ratio.  The  foUowiuf;  figures  may  ho  twoful ;  thuyan 
tuuMi  frgm  reoorda  of  ooUa  actually  made. 
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The  two  last  are  disk  coils,  and  the  last  is  tliat  of  Mr.  Orowa, 
of  wlitcli  fuller  partioulars  will  be  found,  S  1147. 

The  <:oiiduuiH:ii«  ruqulru  itliout  twenty  idicuta  of  foil  for  ao^ 
sixcu,  rJHiii)^  to  fifty  or  nixty,  tliu  HiKtt  Iming  raoli  as  will  ^ 
iindur  lilt!  biuin  of  tbi>  instrumdiit. 

1141.  The  XiJiws  op  CoiLs.~Mauv  ])ci>pl<:  think  that  forcab 
(^Derated  iniuduotion  ooib;  but  lilco  uU  uthrr  npparntua  Xher 
are  meio  (louvertera  of  energy,  and  uIwa>-H  rotuni  Insa  than  i> 
supplied  Ui  thoia.  Tlio  pmioiples  involved  will  lio  fiHind  in 
!  504  Hiid  tliruiiishout  the  ohapliT  on  onrrcut. 

1142.  Tilt!  ulfeots  of  a  oil  deiieud  upon  the  ai^to  nf  ttif 
aecondury  wii«,  and  ila  lengUi,  s  113^.  Silt  or  IfiiekHnu  li 
Hpark  dupunds  ou  the  Ihickneu  of  tlio  wiru:  ImfftJi  uf  nmA 
depends  on  lenyth  of  wire;  tho  Uwk  aro  in  fnot  thu  aame  h 
tboM  of  batteriea  and  of  the  faoattng  of  wirea.  We  mj 
repaid  «aoh  turn  of  wiro  as  an  eleotronuilor  analoj^iix  to  a  cJ 
offt  battery,  or  to  a  thonuo-eleotrio  couple.  At  vach  "uiitioaif 
the  coil  equal  E  M  F  is  dovela]>eil  in  each  luin,  wh<-tli<r  ^m 
to  the  core  or  at  the  outtide  "f  the  CoU  ;  im  (li-  li  nn.tit 
must  be  remembered  hotweet)  the  EMF  dov.  l-.pnl  •„  ih,  !,„„, 
and  the  effeot  produced  exterually  bi/  tho  tnm  :  this  will  cuat- 
spoad  to  the  aotiona  of  a  large  or  small  coll  of  equal  fi^irco,  uA 
therefore,  the  inner  turns  exert  more  enorfcy  than  tho  oaM, 
beoause  tlieir  own  resistance  is  Ices  in  tlie  ratio  of  the  Iom^Um. 

1 14].  So  alao  the  £!  U  F  developed  i»  the  turn  i»  indoticndnii 
of  the  nature  of  the  metal  of  the  wire,  but  an  the  tfftct  prodnod 
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ddiw-ndi"  on  Iho  rosistAnoM  ••  woll  ««  fhc  K  M  F,  wire  if  high 
conductivity  ought  to  bo  nsod ;  it  will  uUiu  cluvolu])  Iomi  int^imEt] 
hcnt.  It  i«,  howdvor,  r  question  whctbor  iron  may  iirit  form  tin 
<isoci[>ti(m  to  this,  1»caum  boing  rasgDetio,  it  wmild  form  pnrt 
of  iho  cititer  fii^ld  of  tlio  core,  iser«Ming  tito  pormcktioe,  and  it 
wiiultl  absorb  energy  id  bving  mkgnotized,  which  it  would  give 
II])  wilhin  itM>lf  u  carrcnt,  but  it  i»  doubtrnl  whether  this 
WDuld  cuuDtorlMluico  the  dimdvnntngo  of  Uio  «-xlrn  i-G«uitanoo. 

1144.  Coil*  may  bo  nnitod  «k  o-IIh  itrc,  and  nnuti  tbo  wmo 
laws,  itnd  it  woiil<l  worn  that  nioni  ufl'vct  would  bo  ubtHiuod 
from  thff  sun*  materials  and  ourrontH  ap{iliod  in  four  ooilif  of  a 
foot  long  than  in  one  singlo  ooil,  but  ooiIm  to  1)0  to  ooiiplcd 
wonhl  roqutr«  very  porfoct  inKuUtion.  They  may  aliio  bo 
joined  in  multiplo  arc,  and  so  increase  the  quantity,  or  tliick- 
acMi  of  epurk,  but  the  coils  must  Iw  Kiniilar  in  coniitruotion  and 
fiirpu.  In  th<ce  cuae«  each  coll  should  liaTo  it«  own  buttery,  but 
all  tlic  bmalH  should  bo  Horewed  down,  and  n  scrparaio  xinglo 
bmuk  in«crtod  in  a  common  return  wire  so  a«  to  not  on  nil  at 
onott. 

1145.  M0DNTIK4  Cou*. — Tn  Pig.  loi,  rf  i«  a  slab  of  glaRB, 
ebonite,  or  prepared  wood,  fiipd  upon  thu  ends  of  the  reel, 
forming  a  (Tamo  the  sides  of  whid)  may  bo  advantaceously 
cloaod  with  glasfl,  so  aa  to  protect  the  ooil  from  damage  by  diuit 
and  damp ;  a  tabs  in  the  middle  of  d  oaniee  a  rising  table  of 
ebonite ;  and  the  two  pillara  +  and  -  oonoected  to  the  terminals 
of  the  seoondary,  oonatitata  a  universal  discharger :  they  are,  in 
fact,  an  elongated  hiuding-eorew,  to  which  wires  to  any  apparatus 
mav  be  attached.  They  tenuinato  at  the  tup  with  a  spherical 
BooKOt,  forming  a  universal  joint.  The  rudH,carrj-ing  wires, d:c., 
Hlide  in  a  tube,  ho  tliat  their  distance,  punition,  Ac,  are  under 
perfect  control. 

Id  rooat  coila  these  pillars,  or  inmlated  binding-screws,  are 
placed  on  the  stand  at  the  end  or  the  side  of  the  coil,  but  the 
erraugenient  shown  ts  mnofa  more  ooBvenient  for  Urge  coils. 
The  two  ends  of  the  primary  )Msa  down  through  the  utaiid 
ontside  the  end  of  the  teel  at  b,  the  inner  ia  oounected  to  the 
spring  of  the  Inhale,  and  by  it  to  the  bindiug-«crew,  as  flliown : 
toe  outer  end  goes  direct  to  ihe  other  binding-screw. 

1146.  It  b  iMlter  to  hare  a  commutator  on  the  stand  to 
rerenio  or  out  off  connection  with  tlio  battery.  The  best  ooo* 
stiiiclioD  is  aliown  f^U  aize.  Fig.  104,  «  is  a  circular  or  eltlptio 
Mouk  of  wood  or  elwiiito,  with  a  oIil-cIc  on  each  Hide  projccling 
hoyood  cppoaite  ends  of  the  diitnii^ter  to  afford  a  ftstening  for 
t^  metal  portion.  This  consists  of  two  similar  pieoes  of  brass, 
e  d,  which  may  bo  built  up  of  sovtral  parts  or  oast  in  on«,  as 
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«Jion-n.  Them  form  the  axis  on  which  the  nii|iDmtns  mom; 
««<ib  LB  supportfid  by  ft  metal  bracket,  ooniHWtwl  to  a  spring 
+  or  —  by  which  the  currvnt  onten  and  is  cwriod  by  cd,  to  tlw 
springs  ab,  by  which  tbo  otrrent  isenn,  that  one  becouinff 
positive  against  which  e  ii*  turned :  when  the  handle  is  verticd 
neither  spring  i§  toached  and  the  current  is  cat  off.  Tlie  spri&n 
nbuuld  be  fixed  to  bumII  brackotc  with  Bt«ms  to  pass  tbi^ra^ 
th6  fauadation  plate  of  the  inetmincnt,  and  are  to  be  used  in 
plaoeof  the  principal  fainding-eorewfl  for  all  ooonections  directed 
to  be  made  (a  these. 

1147.  NoTEi>  Coils. — (1)  Bhamkorff  constructed  soma,  oot>* 
taiuiug  about  60  milee  of  Becondary,  which  with  i  Bunsen  cell 
gave  3^  iuchee  spark,  and  16  inches  with  7  cells. 

Fio.  lOi. 


(])  Bitdta  made  one  for  Gsiuilot,  the  core  iS  iiiohc«,  1}  dia- 
meter ;  the  wirecovered  with  guttapoioba  ^  thick ;  Dki  primarj, 
9  ^;Ila9^  150  feet  in  three  layers.  The  ecoondary  in  thn# 
oylindiTH,  each  s  inohe*  long,  made  of  guttapercha  -^  thick  ;  ifai 
wire  of  ihv  middle  one,  31  gauge,  12,500  feut  long ;  Iho  uth« 
of  33,  oaoh  25,575  '^'-  ^bere  are  three  oondeniiOTi',  of  50,  too, 
and  150  feet,  capable  of  combination.  With  5  Buneoux,  e^ 
ooil  gave  a  spark  of  5  iuotioH;  the  throe  gavo  12  j  incheB. 

(^  Siemens  and  UaUke- — Made  with  a  great  number  of  pn^ 
titiODH  of  sheet  ebonite,  containing  80  muea  of  socomlary,  lal 
gave  e|^ka  fhnn  i  to  3  feet  in  length. 

(4)  Zsofaa'.— In  two  oompartments ;  core  it  inches  by  ijf 
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jiriiuar^',  1 1  gungfi  in  1  layflrs ;  aocondary,  No.  3$,  in  55  lajers, 
tuaking  55.000  ttirus,  insalaled  with  KutUperch*  tiMiie  and 
paraffined  paper,  loj  laiitut  in  length,  and  loj^  lb.  in  wviglit; 
ooiideuaer  60  Bkeota  of  foil  1 1  x  99>  with  panffinod  pajwr. 
With  5  Cmru  oella  it  guT6  12}  inches  epark. 

(5)  Ladd'i,~Con,  1  foot  long,  i-fl  in<A  diMnetof  primaiy, 
1 1  Kttugu,  50  yanis  in  tliree  lajen ;  aeoondaty,  )  mile^  Ha.  35, 
in  utyon  from  end  to  end,  each  aeparated  with  five  or  six  abeets 
uf  gutbtpureha  Uasue;  condenser  50  aheefa  of  foil  16  x  S  on 
varniahetl  W>ei^:  givee  5  iuohea  epark  with  5  Bnnsens.  One 
cuUMtnioUKl  for  Dr.  Rciljlnaou,  with  two  aeoondaiy  coils,  e«oh 
5690  jarils,  ur  t^iguthcr,  6  niilea  620  yards,  is  wtiid  to  give 
BparlcH  >'04  inched  witli  one  cell^  5*06  with  two;  6-45  with 
throo;  l'(>5  with  foiir;  and  e-}8  witli  five  cells. 

(6)  Tilt  Polyttehnie. — Length  from  end  to  end,  9  feet  loinehc*; 
diutnoter,  3  feot ;  weight.  15  owt.,  ountainiug  477  lb.  of  i-bonit«. 
Thti  OOTO  5  foot  lone,  of  No.  16  wire,  4  inches  diameter,  123  lb. 
Tbo  primary.  14s  161  of  ij  (-oq^s) 3770  yards, making  600  turns 
in  Dtrandsof  3,  0,  and  ti  wiren;  totjd  resistance,  i-30i4  ohms. 

The  secondary',  606  lb.,  150  niitos  long,  and  resistanoe  33.560 
ohms,  on  an  ebonite  tubv  J  inch  thick  and  8  feet  long,  the  coil 
iiHclf  oooopying  S4inohM  in  the  middle  of  the  tube. 

Theoondenser  was  in  six  parts,  each  containing  115  square  feet 
of  foil.  The  coil  gave  u-inch  eparke  with  5  large  uunMns, 
and  39  inches  with  50  cells.  ParticDlars  of  expeiimeots  ma^- 
bo  found  in  No.  51]  of  the  Chemical  JV'n«s,  Sept  34,  1^69.  This 
coil  dill  not  oudute  long  and  is  broken  up. 

(7)  Syottinooode't. — This,  made  by  Apps,  has  two  iudacing 
BjHtema,  (i)  for  long  thin  sparks,  core,  44  X  35  inches,  weigh- 
ing 67  lb. ;  primary,  660  yards  of  '096  wire,  weighing  55  lb.,  in 
6  layers  and  1344  turns,  with  rariatanoe  a*]  ohms,  (j)  Core, 
44  X  )*S  inches,  weighing  91  IK  Wire,  504  yards,  weighing 
B4  lb.,  in  3  layeni,  ea«i  forming  a  distinct  circuit. 

The  seoontUr)-  is  380  miles  long,  with  rMUtanoo  110,200 
ohms.  It  is  in  4  sections,  with  lOo  layers  in  ooch,  and  a  total 
of  341,850  turns. 

Tncinndcni'er  is  i  jf  iOic<^t«  of  foil,  i3  X  BJ  inches,  stiponted 
by  varaislicd  pspor  -011  thick.  With  5  ijuart  Grove  oulls  a 
Kpark  of  )8  iochos  iit  obtniucd,  }5  inches  with  10,  and  41  with 
30  cells. 

(8)  Mr.  J.  Brown  of  Belfast  has  made  a  ooil  on  the  disk  plan, 
giving  very  good  results.  The  core,  16  X  ■*;  inch  of  No.  33 
oharooal  wire,  has  a  primary  of  *  i  wire,  7}  yards  in  j  layers, 
■nakjng  460  tons,  in  a  vnlcsuite  tnbe  \  inch  thick. 

The  seoondary  is  ;  lb.  5  02,  No.  )5,  tM  7  oz.  No.  }$.  %\  miles 
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long,  with  J  jio  ohiiiB  resUtauce,  wound  in  4a  dui&s,  each  about 
}-jzndB  or  - 1  inch  thick :  Ihi^se  in  tbe  uiiiidle,  i  inch  iuurnal 
diuuictcr  atid  5  ■  ^  ext«rixat ;  at  the  ends  j  *  2 j  and  ;.  The  win 
wan  wuund  •>!!  tliraagh  malted  paiufflu  and  the  diiilcs  mad«  of 
4  lliiclcnoaaea  of  Uiiti  unsiEed  puper,  aud  the  BCooiid&ry  onljr 
occupied  3-5  inches  of  the  middle  part  of  tbe  core.  The  oon- 
denaur  is  4S  aliwt«,  9  x  f'J.  separated  by  2  Hbeelx  i>f  paraffined 
pa{>er.  Sparks  of  5}  inohca  vere  obtained  at  first,  bat  by 
oovoriiig  the  secondary  wilh  j-Sths  of  paraffin,  they  wrens  in- 
or<.-iu>t>d  to  3  indies  with  5  Grovm, 

1 148.  JtoiciL  Colli. — Tbeoc  depend  on  tbe  name  principle 
a«  Hiiark  cuils,  but  give  pulaationa  of  oumiwrativcly  <imuU  force 
but  larj^r  quantity.  For  tbia  purpoae  the" extm"  current  of 
the  primary  itsoll'  dboold  be  ntilined,  and  atoutcr  aooondan 
wiii-H  i-inplojdd.  Agreatvariety  of  arraugementu  are  omployM, 
vertical  aiid  huriicoiita).    Fig.  toj  ahcwa  the  moat  oonT«n>ont 
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pUn,  in  which  a  cuiTvnl  iu  oua  diix^tiun  only  (that  of  bruUsg 
c-iroiiit)  is  given  off.  By  means  of  tbo  coniuintator,  which  eui- 
plijys  diiferi-'ut  lengths  of  wire,  the  energy  can  bo  varied,  aod 
the  sliding  tube  over  tbe  core  cuntmlH  ue  force  of  the  Aodk 
procluce<l,  with  the  ^;reatt«t  nicety.  Tho  action  of  this  tnbe  it, 
practically,  to  shorten  the  core  lut  far  aa  it  oovorH  it,  so  far  a«  iti 
induolive  n^aclione  are  oonceruvd,  by  cniililiiig  the  indmed 
current  to  form  in  the  tube  itself  iuat«ail  uf  in  tlio  wir«  inih^ 
it.  Tbe  following  particulara  relat«  to  a  coil  6  inche«  lung  in 
tiic  core. 

1 149.  On  a  mandril  about  au  iiicli  diiiiii«t(ir,  Mligbtly  tapwin^ 
iitaku  a  pustebourd  tube  of  threti  »r  four  thioknvaaea  of  bivn 
paper,  and  form  a  reel  by  gluing  on  thin  two  tnnwd  eaittl 
t  inohcK  [Uamvtcr,  leaving  u  •jiaoo  of  5  inohca  betwron  thna 
There  should  lie  a  groove  on  tho  inner  fac«e  of  tbe  ends  towarit 
the  edge  which  ijt  to  he  nccitrcd  on  tho  stand  (and  whtoh  iit  Uiei* 
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aligliUy  flattenwl)  for  the  wire  ends  to  li«  in.  Lay  on  four 
GODtinuous  Uyera  of  No.  i8  cot  ton- covered  wire,  anil  brinj;  oat 
several  inohes of  tlie  «nt]».  calUDg  the  iuuer  eud  i,  and  the  outer 
eiid  3.  To  1,  juBt  where  it  leavee  th«  outl,  juiu  a  len|{tU  of  No. 
)j  or  2A  wire  which  wiU  oomiuence  Ibo  eeoondarj- ;  when  four 
lavcn  of  this  nr«  pUc«d,  brio>;  out  the  eud,  calling;  it  No.  ),  and 
joiuiiig  tu  it,  OH  before,  a  coutinuatiou  of  No.  i6  or  a8,  oalliag 
itH  outer  oud  No.  4;  to  whioh,  if  desired,  a  further  leufftli  of 
fiuvr  wire  may  be  added.  All  the  wires  may  be  cotton-oorered 
and  tthuuld  bo  mnlcod  with  paraffio  before  or  after  laying ;  bat 
Etlk-covored  winott  give  higiier  effeots  fraui  smaller  dimenaiooB, 
IvM  wire,  anil  lnwcr  batU^ry  [)OWi*r. 

1 1  ;o.  A  bniKB>  tulw  (  in  out  tu  nlidu  freely  within  the  primary 
tulm,  and  ut  oiio  end  u  thin  piece  of  metal  la  Hultlur^d  witliin  it, 
to  Murve  UN  a  ntop  ;  a  buudle  of  ftofl  wins  ut  th«n  pnoked  within 
the  tuboiuuda  ring;  6ttvd  upon  ita  iuuer  end  tu  abut  agaiuat  that 
just  doncribeil,  and  i)n]vent  the  tube  froin  buiu>;  drawn  entirely 
off  the  rare  by  tho  luuidle  (,  fitted  to  the  tube  ilaelf  at  the  suuo 
end;  Uiv  other  end  of  the  core  ib  then  puaaed  through  and 
Becured  to  the  farther  end  of  the  ooil  t>,  bv  wod^ting  and 
cement,  aiul  trimmed  off  nmooth  to  work  the  break  b,  which  ia 
aiiuilar  to  that  dcaoribed,  f  ii)2.  Fig.  loj  explaiuHtheoomnoo- 
tioii» :  4-  aud  —  are  Iho  battery  iKiruwM ;  +  in  oonneoted  to  tJio 
screw  of  the  break,  anil  the  innur  end  of  the  primary,  i,  ia  oou- 
nt'-L'tcd  to  the  spring,  which  ia  alto  oonnccted  to  *  — ,  one  of  tlia 
socoiidar}'  biuding-sorewK  ;  the  end  a  of  the  primary  is  oiin- 
neotud  tif  -  for  tJie  battvry  circuit,  and  also  to  tho  Gntt  Htud  of 
the oum mutator  for  the  Mecviudury  circuit.  The  aeoondary  wire 
i»  Kbuwn  tu  stages  and  numbered;  it  begins  at  3,  by  being 
saldered  to  thu  end  of  the  primary;  the  ends  uf  tbe  variuua 
leugtha, ),  4,  5,  are  taken  to  saooeBBiTe  atnds  of  the  iximinulator, 
the  oeutral  spring  of  which  w  oonneoted  to  «  +>  The  ootn- 
mutator  takes  up  either  the  "extra''  current  from  the  primary, 
or  that  with  the  ad<lcd  effi-cl  of  tliu  IrugthB  of  seoondary,  accord- 
ing to  the  stud  on  which  tho  spring  ia  placed.  As  arranged, 
that  secondary  binding-aoraw  will  be  +,  which  is  ou  the  same 
eide  as  tho  primary  screw  coonoctod  to  tho  +  poU  of  the 
battery  :  the  current  taken  up  ia  in  the  samo  direction  as  that 
of  the  battery,  in  the  coil,  therefore  if  tho  inner  oud  of  tho  wir« 
is  so  connected  as  Mhown,  the  outer  ou<l  is  of  couree  the  ■+■  con- 
ductor from  the  ouil.  The  effect  uf  this  mode  of  connection  is, 
that  when  contact  is  mikde,  the  battory  offers  a  path  of  much 
lower  reaiatanoe  titan  the  body ;  therefore  the  current  induced 
I  at  mskiuK  contact  does  uot  pane  tlirough  the  body  which, 
I    ^anxmittuig  only  the  current  of  breaking  circuit,  is  subjected 
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only  to  the  inflnoDoe  of  a  cnrrent  in  on«  diroction.  Thia  is 
coiiw<lered  of  eront  imixirtajiM  in  aoino  goms,  but  it  is  extremely 
donbiful  wh«thor  Otv  uition  of  outls  is  m  truly  electrical  one  «t 
&11,  M  ta  ite  modiotl  eHc«t« :  it  fovma  probublo  that  tbeae  an 
princijiallyilne  to  th«  mnsDular  oontniciionii  and  releaccs, to  the 
inlcriiul  frictions  ftntl  motioDfl  thus  prodacwd,  iind  oonseqnent 
diaturbukce  of  coiigeetton»,ftnd  vtimnlatiuo  of  the  nerveii.  Care 
ibontd  be  taken  to  avoid  Tiolont  sboclcB  or  pain,  and  it 
important  that  the  break  sbonld  work  with  a  soft  ham 
\fith  viulout  jeikfl.  Thiti  is  why  tho  action  of  coils  is  ea| 
to  the-  more  jerky  febock  gireo  by  msgnoto  machines. 

liji.  Smalt  coiU  may  be  mado  to  bo  cnrriod  in  the  pocket, 
such  as  itrti  made  by  UaifTe  of  I'aris,  and  othera,  worked  by  one 
or  two  chloride  of  silver  cells,  S  llj,  fitted  np  in  ebonite 
cylinders  with  cape  to  screw  on.  and  working  by  the  liquid 
soaked  up  in  paper  between  and  round  the  plates.  In  theee 
the  connotitious  are  made  by  studs  of  mota!  preaaing  afCaiuKt 
springs  fixed  on  the  inside  of  the  outer  cs«o;  the  vibratiug 
sprisg  of  the  coil  is  similarly  attached  to  the  case,  and  the  eoO 
itself  IB  looM  and  makes  its  connectiona  by  the  act  of  placing  in 
the  case ;  those  of  the  oondnctors  ar»  mado  by  split  wirt«,  at 
the  «ad  of  the  flexible  wire  cords,  which  are  pushed  into  metal 
t»l«s  let  intu  Uie  case,  and  the  gradnating  tube  works  tbrouffh 
a  hole  in  ibe  side.  Such  coila  may  be  mad«  even  2  tni 
losgih.  with  primary  of  21  wire  and  aecoodajy  of  )o,  all 
ooTcred  and  paraffined  ;  the  vibrating  spring  being  made' 
thin  watoh^apriug. 

1151.  Mahaoeuent  or  WiutM. — This  is  of  great  importaBOt^ 
eeppcially  in  ctiiistructing  ooils.     Tho  greatest  care  ia  r«    '  " 
for  there  is  litllo  sut  is  fact  inn  in  spondinj;  much  tuas  Hkd 
in  winding  up  a  gr^at  length  of  wire,  and  then  disoarariBi_ 
thoro  is  a  breuk  in  it  at  some  nnknown  point.     The  folloi 
precautions,  though   very   troublesome,   will   well   repay 
trouble.  _ 

(1)  Test  each  reel  of  wire  for  continuity,  by  sending  cnmiit 
throueh  it  and  a  snitnblo  galvanometer:  if  the  means  sn 
availalile  the  resistance  can  bo  not<.-d. 

(a)  If  not  ooniinuoQS,  wind  u{ii'n  a  frmh  reel,  pasnng  tin 
wire  through  tbe  fingera  and  cRrt-fuUy  wot^hing  it.     It  is  *""' 
to  mount  the  reels  on  metal  uxe«  ugaiuxt  which  a  spring 
soldering  tho  beginning  of  the  wirw  to  the  rod.    By  this 
permanent  test  can  bo  kept  up,  and  meMnremvnt  of 
toogth,  &0.,  can  be  made  at  any  time. 

(;)  It  is  doeirable  in  many  caaes  to  paraffin  tho 
should  bo  fiivt  well  baked  till  all  muiaturv  is  driven  off, ' 
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while  hot  should  be  dipped  into  the  meleed  puaffin,  or  thin  may 
be  poured  over  it.  For  fine  wins  the  paruiiD  n»v  h«  thinned 
with  tiirjujntitnj,  or  beneoliue,  which  will  provont  the  wir*  from 
lieing  much  vulargi-d.  It  ts  desinble  tn  wnrni  the  reel  of  wire 
when  it  is  alxitit  to  be  used  so  a*  to  Boftt-n  tho  material. 

(4)  Thu  pumfliti  11133:  ho  applit-d  whilu  winding,  by  paBsing 
it  iiodm'  a  roller  at  the  bottuni  of  a  tin  vrKsel  coDtaining  tha 
pantfBn  kept  melt'ed,  and  through  n  holu  in  a  cork  aa  it  leavM 
the  TOMel  to  remove  «sw8'>;  the  wire  onght  to  be  well  dried 
just  beforehand. 

(5)  Thorwiiitaniw  of  Ui a  wires  i<li<uild  bo  taken,  and  noted; 
them  by  meMiiriiig  that  of  a  kiuiwn  length,  the  length  of  wire 
used  for  any  piirjuieo  may  bo  nearly-  osmrtninod. 

(£)  In  winding  coiht,  &a.,  it  is  iliwimblo  to  ascertain  the 
Danber  of  tnmH  the  wiiu  inak«s :  this  may  be  done  with  a 
OOUDtor,  easily  made  up  from  anuli  ivhfvis  lut  nre  nseil  in  gas- 
meter  indicoe.  Tliia  may  \io  ai^tuutud  tiither  by  an  attachment 
direct  to  the  end  of  the  uxin  of  revolution,  ur  by  an  eteotio- 
magnot  actnatotl  at  each  revolution  by  an  ordinary  circnit-clowr. 
The  beat  plan  Isi  to  have  a  worm  cut  on  the  winding  nxix,  to 
work  iti  a  whuel  witli  too  teetii,  then  the  riwt  of  the  work  can 
be  fitted  nii  witii  wheelii  as  used  iii  meter  imlJot-n. 

(7)  With  tino  wires  a  oonstaiit  teat  for  uoutinuity  nbould  bo 
mainUined.  The  b«^iuuing  of  the  wire  of  tlie  inHtmment 
should  lie  oMinected  to  a  metallic  cylinder  on  the  axin,  an  in  (>) 
above.  TUo  Hjiriu};  and  that  of  the  wire  I'eel  ate  ooiituruted  to  a 
galvanometer  and  a  battery:  if  a  commutator  in  uMitd,  the 
onrrent  need  not  be  ooutiuuoua,  but  a  teat  current  can  bo  wrnt 
through  at  iutervala.  This  checks  the  inaulation,  ast  any 
aooidental  ooutact  will  reduce  the  reeiatanoe,  which  ought  to 
increaw!  ooutinnally  as  tbe  wire  ia  etraincd  by  winding. 

(8)  All  Joints  ahoutd  be  c&refnity  made,  stripping  the  wire, 
cluiuiiug  it.  tapering  the  onda  nod  tinning  them  ;  fine  wirea 
should  then  be  carefully  twisted  together  and  soldered,  which 
t«  beat  dune  by  mcaiis  of  a  piece  of  No.  to  copper  wire  in  a 
handle.  If  Ibis  wire  crtHwcs  a  gas  flaino,  iha  point  beyond 
(beinir  well  tinned)  will  act  u  a  ci>nv(ini«nt  soldoring-iroD  for 
v«sj  fine  work.  The  joint  xbonld  be  carefully  eovored  without 
iucreaung  the  nixe  of  the  wire ;  tiiiit  may  be  effected  by  mbblng 
the  waimod  wire  with  a  Mtick  of  oumonl  made  of  guttaperdu 
and  remn  luelted  tugeifaer.    Only  renin  ahould  be  used  a»  the 

r     flnr  in  soldering  wires. 

y         II5J.  Tramsformkrs. — These     are   simply    iiiduution    ooils 

L    arrangwl  to  work  with  Urge  currents:  they  are  made  in  two 
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(i)  Stop  up  tranafonnere,  wbere  aa  in  onliiinry  coiU  a  )u^ 
current  at  low  voltage  is  oonrertod  into  a  Hinaller  current  at 
oorreapondingly  bigbur  voltage. 

(a)  SlepdomHiHiislvraum,  wbeM  the  primaiy  oircnit  From  tlw 
■QuTOft  at  a  bieh  voltage  in  a  Bno  wire  oircnit  of  many  turoe, 
anil  th«  aecoDOury  wire  of  few  turns  delivers  a  larg«r  oarrrat 
nt  n  \ov>fT  voltage. 

Tho  nnnlogy  is  complete  to  the  effect  of  gearing  either  i,  a 
largo  vthto)  to  u  small  one  galniug  vjieed.  or  J,  a  amaU  wheel 
into  a  large  one  at  less  speed. 

1 134.  Ill  both,  tbe  primary  maguetiecu  ihe  core  and  Aendd  ill 
energy  into  it,  while  the  eeoondary,  large  or  RUialt,  rect-ivea  hack 
that  eDergy  and  sends  it  into  a  new  distinct  oirctiit,  by  mtniinMof 
the  current  generated  by  the  action  described,  S9  498-501. 

Tliere  is,  howevev,  lliis  diSerenoe  between  tjansfurmerft  and 
iiidiiLtiuu  okiIb,  Ihere  »»  no  break :  the  ooll  works  with  an  inter- 
mitting current,  broken  cironitsand  resulting  sparks ;  tho  ttiuM- 
furmei'  works  witb  an  olf^iraoJin^cnrrent  and  boibcirouitjtnlwap 
oloxcd. 

115).  Asa  consequence  the  cnrient  is  an  undnlatory  oso  of 
alternaling  direction,  but  the  only  losses  of  energy  arc,   i,  the 
beating  or  tbe  two  wires ;  2,  hysteresis  in  tho  irou ;  },  Poncanll 
ourreats.    I'lie  remaining  ennTgy  taken  from  the  primaty  cur- 
rent appears  wholly  us  electrio  energy  at  tbo  tcminalfl  of  tbe 
aeoonda^,  and  therefore  the  elBoienoy  may  bo  as  high  as  96  pn 
cent. 

ii;5.  Bnt  an   important  conidderation  comes  in  hero:   tbt 
makers  oflSciouty  is  reckoned  nnder  tbe  best  conditions,  nt  full 
work :  this  falls  off  as  the  ratio  of  sclnal  work  to  full  work 
diminishes.     This  is  shown  by  figures  from  experiments  on 
Westinghouso  transformoiv  by  Messrs.  Ihinoau  and  Unsauo  ia 
America.    A  20  light  converter  gave 
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But  th(^  imjwrtant  point  is*  lli.tt  >h«  [irimnry  circnit  is  algaji 
on;  Uie  l<>ss  in  it  and  by  liybtcroeis  in  llie  titin  ni-^  alwaji 
incurred,  so  that  it  is  a  qucetion  whether  more  than  half  of  th* 
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DUi>rg;i-  oxponded  is  roully  TQturD«<l  as  woiV :  this  is  Dot  o1iarg«d 
for  at  the  m«tor,  it  w  tnic,  but  It  liu  to  be  paid  for  in  the  form 
of  II  higher  i)rico  nor  unit, 

1 1;7.  It  in  Htill  Mi  iiniMittled  quaation  wbcithor  the  iron 
Hlioiild  bo  an  npon  or  s  olwed  magnetic  cirotiit,  we  nmy  oall 
llidBrr  rod  nr  n'n^  coroa.  OoiU  ItitTe  rod  oorcn,  and  the  carlie»t 
[iractical  usora,  Goulard  and  OiblNi,  tisod  tliuin.  Later  od,  by 
gouoral ooDMot, ring  oonw or oloned  oircuiu  n-ere  itdoptird.  Quite 
rooootly  Mr.  Swinbumo  r«tnniod  to  the  open  oirouit  with  hia 
Ifodgoaog  tramtformt^T,  wbidi  he  claims  to  give  a  higher  all 
day  officionov. 

The  floted  AW  has  the  ndvftntoge  of  higher  ponneanoe  and 
indnction,  S  9(1,  but  it  eivos  a  grcatliT  tosa  dj'  hyHtorvKiii,  as  the 
olo«<:d  drcnit  iliw  not  give  up  niagiictiHra  so  readily. 

The  op^a  eireail  needit  larger  current,  nioni  amporu  ttinia  to 
bring  iron  np  to  the  same  iimnotiun,  which  meaus  Iohh  of  work 
in  the  wiri>,  to  fct  agninat  diniinia]iod  Idbb  by  hyatori.'aia. 

1158.  Tho  relative  Iohkoh  liy  hy<tter«Mix  and  Fouoanlt  onrrents 
in  tho  iron  w  a  disputud  poiat,  Kr.  Morder  found  with  inm 
Oiilr  'ooi  inch  tliif^k  that  the  <:um>ntlom  wan  ureetimea  as  great 
U  oyxtorc^iN,  wliilo  Sir.  Swinburne  couaidurn  it  aa  small,  and 
others  find  it  abont  one-tenth  of  tho  hyu'crwtiit, 

A  valuable  pajror  wn«  n-wl  lath  January,  i8gj.  to  tho 
Amorioan  Institution  of  BloutricaJ  Bngineon,  by  Mr.  0.  P. 
tjteinmetx,  on  tho  sabjoci  of  hyateroate.  Ho  fimht  that  the  low 
per  cycle  varies  m  th«  ono-sizlh  power  of  tho  magnetization,  and 
may  be  exprassed  as 

H  beinc  tho  enei^gy  in  orgs  per  cj'cio  per  cnbio  cvntimetra. 

B  the  lines  per  square  ocntimotre. 

>j  a  coefficient  variable  will)  quality  of  troo,  in  his  experi- 
ments =  '00  J. 
Tie  also  says  that,  contrary  to  general  opinion,  the  cmiSicient 
of  hyst«resiB  on  Open  circuit  is  '00)9j,  while  tliat  of  oloxcd 
luaKiittlic  circuit  is  "oojjs  which  seems  to  rrqniro  further 
examination. 

1159.  It  is  of  impottance  to  prevent  any  risk  of  deficient 
inaulatiou  letting  the  high  primary  voltage  6nd  it«  way  to  tlie 
secoudaiy  circuit:  this  is  done  by  inserting  a  ahoot  of  metal, 
connected  to  eaith,  between  the  two  wires;  any  leakage  would 
increaso  the  primary  cnrrent,  melt  ita  safety  fnze,  ana  out  th« 
tuatmuent  out  of  circuit. 

1160.  Oil  taw/aftoM,  however,  will  prove  a  good  protection, 
%  1 1 16,  and  it  h  only  iiecMsary  to  place  the  transformers  in  an 
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oil-tight  Teaael  nnd  allow  oil  to  pmetnte  tbe  whole  of  the  cwl* : 
for  this  ptupooe  much  cheaper  covering  of  tbe  wire  is  penntMible, 
as  the  reu  object  of  tbe  covering  will  be  only  to  produce  • 
deflnile  digtance  apart  of  (be  wires :  tbe  oil  is  the  insolator  M 
applied  by  Mr,  X>,  Brooks  of  America  lo  hie  sjotem  of  ooDdnetioo : 
reaiu  oil  being  the  best  for  tbe  purpose. 

Oil  at  an  innUalar,  ia  likely  to  play  a  very  luportant  part  ia 
theoouing  developments  of  high  tensioD  eleotricily:  itschitf 
advantage  ia  pr<ibablv  not  so  mncb  its  ape^o  insolation  valv^ 
or  r«sUitunce  tn  bieaJciDg  down,  as  its  ability  to  immedia 
oloae  up  whenever  it  does  break  down ;  also  it  ts  IiomogeiM  ,^_ 
not  Uabte  to  physical  injuries  or  the  forniation  of  those  fianini 
which  are  the  draw-back  to  solid  paraffin. 

From  a  paper  read  by  Prof.  D.  E.  Hok'!*"*  to  ^he  IiiatitutioD 
of  Electrical  Hugiueers,  loth  March,  169^,  it  a]>pi-ani  tliat  he 
waanot  only  the  first  to  propose  tliia,  but  patented  it  in  16591 
and  a  mile  of  speoinieu  tnibiuariue  cable  was  then  luadu  to  t«t 
the  appUoatiou  to  that  ))urpo(ie,  to  tbe  antomatlc  repair  of 
fanlta.  Me  also  found  at  that  time,  as  olhera  havo  aiooDi  thai 
reain  oil  was  the  most  aervioeable. 

Mr.  Swtnbunie  aaya  that  in  trauaformen  the  oil  dow  not 
repair  damages,  but  that  when  leakage  oocius  an  are  fonns  aal 
produoes  permaiioiit  leakage  ;  otber  uxperimeDtcni  atm  o 
that  tlie  main  function  of  tliu  oil  ts  to  keep  tho  other  ins 
dry:  cotton,  juto,  aud  otlior  foruui  of  cellulose  boins 
inanlators  so  long  us  pcrfo<.'tly  dry,  but  thi:iy  alxwrb  motxtora. 

1 161,  Molor  guni^rator*  nTa  tniimfunnoni  of  continiroas  cunenl 
They  were  dt-vim-fl  by  Orumiiiu  to  obtain  high  voltage  frcoa 
few  BuuHeii's  cells:  ho  arraiigeil  two  circuits  u[<on  his  ring  in 
ftlteruatu  aei^tidiis.  i,  carried  the  primary  current  which  rvttatt^ 
the  ring;  j,  curriud  a  6iie  wire  circuit  in  which  current wv 
generated.  I'hc  aaiiie  proocMM  ha«  been  adopted  by  others  ss 
Ediiiou,  and  Puris,  and  lijuott.  \a  Buggastcd,  $  1 1 14,  they  may 
become  iui{ti'rlaiit  ageiita  in  transmianoo  of  onrrgy  and  enaUt 
the  iuteriuittvnt  primarv  current  to  b^  diatribotM  as  a  OSB' 
tinuons  one  at  a  convenient  voltage. 
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CHAPTER  Xin. 
ELBcruc  uatmxo. 

I  t6l.  Tbestndjr  of  ligbt  involyee  Tonr  difltinot  oonridomtioDB: 
(ij  The  phenomena  of  ita  urigiu.  (3)  The  mode  of  its  trftna* 
miMiioii.  (j)  The  nature  of  iia  perception.  (4)  The  energy 
exi>ended  in  ito  oriKii  and  abeorbed  in  ita  peroeptdon  and 
ootione.  Altliouitti  it  would  be  out  of  place  10  oumine  hero 
the  whole  nuhjcut  of  ligUt,  it  i§  neoeaeary  to  olearlr  defino 
theM  polota  in  order  to  oomprehend  the  prodtiotion  of  liKht  b^ 
eleotndt}',  and  the  ecoDomio  aspect  of  tlie  snbjeot.  This  elstssi- 
lloatioa  ^  tlio  fkoti  will  help  j^reatly  to  dear  away  tbe  mysti- 
fioutiona  whiob  faftve  been  produced  by  tnistini;  to  hypotbaea 
and  ttaiiiir  thein  oa  facta,  as  is  now  so  commonly  done. 

1 15}.  Light  is  not  s  tlm»fj  hftvin^  any  exiNt«iioe  of  ita  own, 
it  is  aa  aodon,  a  motion  of  vibration.  In  faut,  It^ht  aa  it  is 
oommonly  conceived,  hat  no  aatwfeaM  at  atl  onltid«  o/om-  pere^ 
(nmu.  The  light  is  in  th«  •to,  it  is  «  Mnaation  {irodaood  by  a 
rhythmic  motion,  which  ot)i«r  ot^kdm  porooivo  in  a  diSiereut 
form,  which  we  may  know  by  oth«r  oamoa. 

1164.  Motion  may  bo  irrognlar  and  indefinite,  or  it  ma^  be 
rhythmic ;  it  may  bo  in  straight  linm,  dcftc«t«d  in  any  diree- 
tioQ  by  obatool«B,  aa  raHiunt  onnrgy :  nr  it  may,  when  due  to 
two  00-aodng  forces,  ho  vibTatory  liko  tlut  of  a  pendulum. 
TJndulatorj  or  wavo  motion  i«  of  thia  latter  ord«r,  and  i« 
rhythmic;  that  is  to  say,  ita  vibrations  ar«  of  oqoal  intervals. 
Thus  a  pendulum  swings  in  oxaoUy  the  same  time,  whether  its 
awing  be  merely  porceptiblo,  or  laugiog  over  nearly  the  semi- 
circle. Bnt  here  it  must  bn  notod  that  this  nppli''H  to  iho 
theoretical  pendolnm,  swinging  in  raouo  without  friction ;  the 
actoal  pendulum  is  subject  to  retarding  actions,  which  rodnoo 
each  sucoeasive  motion,  unless  a  forc«  lifts  it  to  its  starting 
hei);ht,  as  in  clocks.  This  applies  to  manr  general  laws ;  they 
»re  related  to  theoretical  conditions  which  cannot  be  actually 
realized,  but  can  be  oalouUtod. 

ii6j.  Sach  a  rhythmic  motiou  we  observe  tn  the  simplast 
form  when  we  throw  a  atone  into  a  pool  of  water,  and  produce 
a  set  of  oircular  waves,  which  ar«  reflect^  from  tJie  edges,  and 
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ultimntnly  lost  in  mi  BppnnMit  coDfHdioii,  whioh  ia  rtwlly  porTfet 
onler,  but  t)o  manifold  tor  our  «yc«  to  (l»iin{^i«h :  iro  <»a  mm 
tho  wAV«g  crossiDg  om^  other,  neutralising  Mch  other  ms  ihmj 
croMi  yot  each  lenuutihig  nnaSootod  ;  wn  cnn  boo  in  this,  that 
oach  molecnlo  of  the  water,  while  itaolf  merely  rioing  aoil 
Binkiiig  in  a  vertical  direction,  nmy  bo  subjected  to  and  traoamit 
many  etreflsos  in  dtfihre&t  <liti>ctton». 

I  t6G.  Scmiid  ia  a  rhythmic  motion  of  tho  partielea  of  air  ami 
other  matter,  which  bocomoe  ivhat  we  call  sound  only  in  oar 
perceptions ;  in  apace  it  is  merely  a  vibrating  motion,  wbw^ 
another  perception  translatea  into  a  succueion  of  blowa,  a* 
whan  we  lay  our  finger  on  a  eon&ding  board.  It  will  be 
nndentood  therefore,  that  wo  can  really  nw  and  /eft  e'>and,  and 
this  will  illuetrate  the  meaning  of  §  iiS}.  As  tboro  said  of 
light,  so  now  we  may  say  of  louniil,  that  it  has  no  real  exiatonoe. 
What  really  exists  is  motion ;  it  only  beooniee  sound  l>y  tbo 
|ieroeptive  action  of  our  nerves  of  hearing,  and  it  is  the  mnia 
with  the  inoru  re&ned  motiou  which  our  optic  nerree  tranalato 
as  light. 

1 167.  Mutieal  Mowndg  are  rhythmic  motions,  and  each  note  of 
the  mumii-'ul  scato  mcana  a  flzt^d  number  of  vibrations  peraeoond: 
the  utriiigs  of  a  piano  are  each  of  aiioh  a  weight  and  Htmin  m 
compel  Ihcm  to  mako  thii  fixod  mto  of  vibrulion,  whii-h  ia  tlieo 
tranamittod  through  tho  air,  and  felt  by  our  ears.  The  particles 
of  air,  like  tho  partiolaa  of  water,  S  1165,  can  thus  take  twrl  in 
many  niotiona,  and  tranmnit  each  unchanged  ;  tUo  quality,  or 
pileh  of  eaoli  spocifio  note  is  rcbitf^d  to  tho  number  of  anoh 
Bwinging  motions  per  second,  while  tho  /oudncj*  depends  upon 
the  anipTitude,  or  width  of  the  awing ;  two  things  analogous  to 
the  length  of  tho  pendulum  and  itx  ctmscqucnt  period  of  swiqg, 
and  to  tho  height  to  which  tt  may  be  lifted  and  fall  through. 

1 168.  Sound  hai  a  rtactiof  potter  also :  tf  we  sinj^  a  note  to  lbs 
wires  of  a  jiiauo,  the  corresponding  wiio  will  reproiluoe  tbo 
note;  other  wiiea  which  are  harrnonitx,  that  is  vibrate  in  },  J, 
ttc.,  equal  titucs,  will  also  Tibrat«,  but  less  powerfully. 

1169.  Light  it  a  niotwm  still  more  refined,  so  that  is  (^eraUy 
treated  as  a  motion  of  the  "ether."  Itiit  light,  as  we  know 
itf  is  not  a  simple  motion,  but  a  combination  of  a  nnmbor  ct 
distinct  wave- mot ioua,  uniting  together  in  one  grand  barmooyi 
like  the  uuiled  nound  of  an  orchi-stra,  which  is  the  blending  of 
a  multitude  of  aopunitu  MrmmlH,  eiicih  of  which  may  be  diiitin> 
guiahod  among  tlu-  united  volume  of  sound. 

1170.  lulifmt,aHin  sminda,  we  can  diMtinguish  tlio  individual 
rhythm  whioa  oorrosnondii  to  a  note  in  numie,  nml  mntiMoj 
r<Mm  in  UghL    This  nnnlynis  is  offvolcd   by  piuwing  a  ray 
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throagh  r  ealutance  which  'aota  diflbrontly  upon  oach  vave- 
Icngtfi,  Bwcli  w  a  triangular  piece  of  giMX.  <'r  other  atil«tanoe, 
which  sprcftds  it  out  from  »  narrow  line  of  mixi"!  light  into  « 
oototired  band,  known  &«  the  speotnim,  which  i»  diniph-  a 
eerios  of  lint«  of  li;;ht,  c^cli  of  a  spomfio  waro-U-ngth,  l>U-ndiiig 
into  groups  of  eimiUr  ahadea  to  fonn  the  sovfin  oolotin  of  tb« 
ndnbow. 
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ii-i.  Thi«  speotmtn,  ahown  in  Pig.  106,  may  ho  regarded 
as  tho  analogue  of  an  opening  acrotw  the  front  of  a  ptano, 
ahowtng  U>«  row  of  wirefl.  Tho  white  rortioal  liuee  show 
certain  exactly  tneenued  linee  which  a^ipear  as  dark  Unee  in 
the  son's  Hpootntn,  beoanae  their  light  »  absetit,  having  been 
abanbed  in  putiiig  throng^  guecns  bodiaa  in  the  snn'ii  tCnuM- 
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phftK ;  the  figom  npreeent  waTe-lengths  in  tea-millionUw 
of  &  nilliiiMtie,  tod  they  aro  measnred  by  th«  thidcneae  of  the 
coloured  fllma  which  ptvdnce  them,  as  in  soa]>-babblfle. 

1 171.  These  dark  liDea  are  due  to  the  same  action  as  thAt 
of  aound.  S  1 1  £8.  Every  oulMtAuco  in  nature  is  in  a  motioa 
cb&raoteriatic  of  itself.  The  specific  enei^,  S  585,  of  each 
atom  ij«  Htored  in  this  motion,  vibratory,  or  revolutii>naiT, 
acting  aa  a  vibration  externally,  and  each  atom  has  a  sueoifla 
rate  of  motion,  jtiat  as  each  piano-wire  has :  this  rate  b  alt«ied 
in  Gombititttiou  but  ia  oonatant  for  eaob  pbysioal  ooQditioii:| 
the  aubatanoe.  Each  atom  of  matter,  therafoTO,  when  It  aoli  ' 
a  producer  uf  ligfal.  givea  oat  its  spedfio  light,  which  in 
^^aseiiiiu  Hlate  in  in  the  form  of  briKht  lines;  the  tine  I>,  which 
u  reailly  two  Unc«  with  an  intermediate  wave-length,  bouiE  the 
apenfio  line  of  sodium;  the  atum,  therefote,  (alee*  up  (Vom  Tight 
its  tiwn  npucifio  inoliuu,  and  the  sun's  light  Com  any  other),  in 
puming  through  Uie  oouler  gtu>eona  atmus}iheie.  Is  sift«d  by  tho 
dlflereiit  HiiliatancuM  it  containa,  and  lar^y  doi>rired  of  tfaoM 
particulnr  rays.  Itiit  thus  wo  learn  what  miiialAnow  aro  presoni 
in  the  sun. 

117}.  Just  us  in  sound  it  requires  n  certain  rata  of  Tibration, 
of  ubuvo  27  per  second  to  1>e  iippreciuble  liy  the  car  aa  a  noto, 
aud  uit,  above  alKint  3530  vibmttoiiK,  sound  agaio  booomes  in- 
appreciable (and  inau«lible  at  abuiit  34,000),  th<«o  being  the 
ranges  uf  a  seven  octave  pmoo,  so  it  iit  only  within  a  certain 
limit  that  the  undulations  of  radiant  energy  are  appreciated  as 
tight  by  our  orgnus  of  sight,  which  may  be  said,  in  fact,  to 
convert  this  range  of  radiant  energy  into  light 

1 174.  It  will  be  seen  from  Fig.  106  that  this  visible  speotmm 
extendi!  over  only  imt  orltitx  of  light,  an  octnve  being  a  doubled 
raU)  of  vibmtion,  and  it  is  reinarknble  that  the  wave-lengtha  of 
the  middle  of  eocli  of  the  seven  colours  hold  relations  ourT»- 
spending  with  thoeo  nf  the  musicnl  gamnt ;  but  what  we  aro 
eonocrnod  with  is  tbiit  the  spectrum  of  an  incandescent  solid 
shows,  firat,  a  range  of  rays  wliioh  do  not  act  as  light,  tlujn  the 
graded  lights  or  colours  of  the  etiectnim,  and.  finally,  a  furth«r 
raogi!,  iavisilileae  light,  but  producing  chemit^  effecia.  TbeM 
are  even  capable  of  becoming  visible  when  received  npon 
flaoTMCvnt  Bubatsnces,  such  as  sulphate  of  quinine,  which,  Ilka 
the  harmonic  notes  in  sound,  are  capable  of  taking  up  theaa 
vibrations  of  short  wave-length,  and  giving  them  out  again  in 
waves  of  greater  length,  which  then  afleot  the  eyo,  as.  by  con- 
oftntradon,  the  hoot  laya  may  bo  similarly  trancformM  into 
light 
L      1 175.  The  Uircu  shaded  onrvoe  of  Fig.  lOi  show  what  uaed  to 
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be  oonBidored  as  distinct  forceti,  h«nt,  light,  and  actinism.  Wo 
know  DOW  that  no  eacb  distiiiotKHii  cnrf  in  iku  rag»  lhem»dift^  ; 
tli«  dietinotioD  lies  in  the  fubriancca  uhich  ai«i/ri>  (/lo  mjpK,  and 
t]i«  diflerent  ufibcta  prodnoed.  Thus,  the  actinia  spectrum 
repments  really  the  rays  which  vnn  chiefly  absorbed  by  the 
silrer  salts  lirat  tu^d  in  photography  ;  hunoe  the  "  Hpectnita  "  is 
a  product  of  its  conditions,  not  really  drawn  to  scule  according 
to  wave- lengths,  and  the  "  dnrk  Bpcolnim  "  has  bo«n  traoed  to 
six  times  the  length  shown,  and  the  "  ultra-violot "  aoti&io  range 
depends  entirely  on  the  means  at  our  disposal  for  obMrratioo. 

1 176.  The  nete  theoritU.  without  any  siich  moftoti,  extend  iha 
dark  spectrum  down  to  wlmt  wo  may  call  the  "  abeultite  xero  " 
of  sound,  throuj^h  iJioir  imaf!;iuary  electrio  and  magnetic  waroH, 
a  883-7.     ^  remark  by  Pror.  Uertl  (who  is  assorted  to  baro 

S roved  the  theory)  u]]ou  Clerk  Maxwell  is  thoroiighly  anitcd 
>  the  whole  of  thia  school,  lie  says,  *  Electrician,'  14.  p.  4^7. 
"  Unhappily,  Uaxwell  oscillates  too  often  between  the  r«ality 
of  facts,  aiid  tLe  conception  of  purely  bypotbeticai  idone,  ■  ■  • 
It  la  dear  that  such  a  method  does  not  satisfy  the  mind,  and 
leaves  a  prejudice  that  the  result,  and  the  conclusions  dr»vrn 
from  them,  are  not  oorroct."  Possibly  it  is  a  "  prejudice,"  but 
may  it  not  lie  a  true  dedudion,  for  Herte  has  shown  between  the 
two  parts  of  the  quotation,  that  Maxwell  starts  with  the  notion 
of  force*  acting  at  u  dixtaiicc,  S««kathelawsof  Uie"hypatheCioal 
poUrimtiun  "  of  the  othflr  by  thuae  foroM  and  ends  Djr  jJkwm^ 
that  it  TaricH  without  tliem.  By  $hmeiju},  Hortx  apparently 
means  that,  by  what  Maxwell  oalled  "suitable  hypotneses,"  he 
supported  tlio  "  hypothetical  ideas."  Is  not  this  rather  like  the 
ptDOewi  by  which  Owen  (ilondower  asserteil  tliat  he  "  ooold  call 
Hpiritn  from  tlia  vasty  deep  "  ';  and  is  Hotnpur's  oriticiMn  thereon 
a  mere  "  j>rejudii?o  "  ? 

1177.  Optical  theorUU  alicay*  lr«at  Ughl  a*  a  phenomtmcm  of  (A« 
eAer,  and  liere  comcH  in  iho  essuntiitl  imjiortanue  of  the  olosaifi- 
cation,  i  ti6i.  The  ether  wiui  imagined  in  ordf.r  to  aooount  for 
(a)  tile  mode  of  its  traiismisaign,  and  it  cannot  Im  too  often  or 
too  strongly  insisted  that  this  is  the  total  inim  »f  our  knowlrdg« 
•bont  the  ether.  All  tlio  rest  is  negativ*,  we  know  that  it  hwt 
BO  graTitatioD  force  or  it  would  collect  round  the  planet*  and 
tijght  would  not  follow  straight  lines  in  ipoco ;  we  Imow  that  it 
oSon  no  frictional  resistance  to  motion,  and  does  not  absorb 
energy  in  transmission.  Now  these  are  the  functions  npon 
which  the  science  and  laws  of  "dj'namics''  are  entirely  bused, 
and  yet  tliese  laws  are  coolly  applied  to  the  ether,  and  the 
marvellous  properties  it  in  alleged  to  possess  are  derived  from 
dynamio  ooosidc  rations. 
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1 17B.  All  tho  FOftl  fiinctioiiH  of  light  dop«od  on  "  propertiw 
of  multer."  Wh«n  ww  rpfmct,  roi!w;t,  ]>olKTTni  Heht,  them  %n 
not  elhtriat  fuTietienu  at  alt,  thoy  nrt-  rcAutioDi  of  oraiuaiy  nistter 
npoii  t)ie  light ;  all  thu  ctbor  ilooti  U  to  tmuuait  strught  nys 
Biialwirlied. 

Tlu)  light  doM  not  originate  in  ether:  its  origin  is,  $  1 173,  the 
oanKcqiienoe  of  a  motion  0/  malttv,  the  speoifio  motiona  of  atonu, 
eucli  giving  out  itH  own  "  liglit-nott^i^"  as  each  piano  atring  gires 
out  ite  •' eoniid-iiotps,"  uiiftltorablfl  when  oncp  formed. 

1179.  Dr.Oiivor  Lodgo  is  a ^londed worker  to  whom  Horti't 
<!ritioiani  apptic«  too  well,  "  oscillatioe  Iwtwoeti  the  realitiee  of 
fuct»  and  tho  oiiiieoptioii  of  purely  hypothetical  ideas."  Hb 
Buys  in  his  '  Modern  Tiews  of  Electiioity '  that  oor  systema  of 
making  l^ht  aro  vrastcfiil,  which  ie  trae.  "  We  want  a  oertain 
range  of  vibrations,  between  7000  and  4000  billions  per  second 
— we  can  prod  nee  one  or  two  hundred  thousand";  tiiis  means 
tho  Hertz  radiations  so-called,  S  9^7.  "To  get  mnob  faster 
than  this  we  have  to  fall  back  upon  atoms.  We  know  bow  to 
make  atoms  vibiate,  it  is  done  by  what  we  call  heating  the 
substance."  llut  we  hare  to  treat  them  in  compact  mngBei  und 
by  "  raising;  the  temperature  we  impress  upon  its  atoma  higher 
modes  of  vibration,  not  transmuting  Ike  Uwer  into  the  hiyker,  but 
tuperj)o»ing  Ihe  higher  upon  the  tower,  until  we  get  tho  vihntioiu 
our  retina  is  ooustruclod  for." 

1 1 80.  Now  these  are  tho  "realities  of  facts,"  but  Dr.  Lodge 
goes  on  to  say,  "and  ho  soon  as  we  clearly  TccogniEe  th«t  ft$« 
U  an  eteetrieal  tiihralion,  so  soon  we  ^all  begin  to  beat  about  for 
some  mode  of  exciting  and  maintaining  an  electrical  Tibratiou  of 
any  reqnittrd  dej'i'ee  of  lajiidity.  When  this  has  been  aooom- 
plished.  the  problem  of  artificial  lighting  will  have  been  wlvtid.'' 
but  here  we  have  the  "  purely  hypothetical  idea." 

1 181.  Has  Dr.  Lodge  any  ovidenoe  to  offer  that  light  it  an 
electrical  vibmtiou?  not  a  partiole.  Let  ua  put  bia  thought 
into  rektion  to  realities.  If  we  lealixe  that  liijkt  it  a  ribraliim  e/ 
mailer  nhiuh  niiiy  be  ]iroduced  by  many  ptooeoMS  wliicli  relcave 
or  act  iu  uction  the  inhereiil  functions  of  the  atoma,  and  that 
electricity  givce  iu<  our  etuiieHl  raudf  of  producing  atomic  vibra- 
tions, then  we  may  aolve  the  problem  of  economical  light. 

Thpre  iu  little  doubt  tliai  light  would  b<^  prodncod  if,  by 
elci^triv  or  any  mcaiui,  We  conm  directly  or  indirectly  set  up 
vibrations  of  iho  prosier  mto.  Tluit  i.i  what  we  do  by  heat, 
directly,  and  by  electricity,  iudiroollv,  in  the  vacuum  tahea. 
for  it  may  bo  doubt«d  whether  the  liglit  of  thcao  is  not  dne  to 
the  vibratioTiK  kl-I  up  liy  the  collixionH  among  the  moving  molo- 
culeo,  rather  than  by  electrical  actions.     But  if  snoh  vibraUona 
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went  sot  up,  ut  it  uotlGlear  tlut  Uiv  ruMalt  would  be  "  iliwooia- 
tion,"  the  vbaking  to  disruption  of  oomnlvx  chomicol  oomjwundA. 
by  tiie  WtJons  whicli  TyDd*])  proved  luog  ng<^,  uid  whiolt  ora 
tbe  bimiH  of  nil  photogrnphio  iiix>ombm. 

1 183.  This  U  ichat  Trtla  u  aimng  at  ntWy,  tliough  probably 
lod  by  tbv  hypothMic  Hi*  progrms  hui  bot-n  Jiown  m  few 
(liiyM  ugo  iu  his  splendid  loctura  at  th«  Royal  In.otiTtitiou,  3rd 
Fubruikry,  1893.  Ho  hns  oponod  tho  way  to  tbo  uno  of  fr&- 
qiiiiiiciw  kiid  voltkgv  nntboneht  of:  ho  bos  shawo  tiist  light- 
givixig  jkppliancoti,  vnoaTim  tuTiM  nnd  so  oa  nuy  bo  oottiktcd,  not 
an  hitliorto  bf  ootiutl  oiirrunte  led  into  tbora  l^  ooadnotun,  bat 
simply  by  being  ploood,  itioUtoil,  within  tho  oli-ctrosbitia  fiolti] 
in  whioh  rapid  attornationa  aro  set  up.  'litis  howorer  was 
dono  loug  ago  by  riirious  oxpori  moo  tors  witb  coil*.  Ho  usud  a 
dynamo  prMudng  Hom«  ij^oco  or  ;o,003  rovonuib  |>er  seooud, 
and  then  by  Xioytlon  jani,  and  tbo  sargings  cr  oscillations,  $  at6, 
of  which  Dr.  l^odgo  has  told  us  so  muob.  raisod  tho  MiteniatLona 
puBsibly  to  million*  [Kir  sooond. 

iiS;.  Te»kt't  idralobjiel  is  to  rvndoT  tho  spaco  within  a  room 
ttMilf  luminous,  or  rather  to  make  tbo  air  wdf- luminous  Ju  itA 
ordinary  aUto  of  proMUrc,  the  ouiliug  and  Iluor  buing  oondonaer 
pUte«  ;  this  Condition  ho  attains  in  his  ox[H;niucnlH,  rupr«soiitiDg 
tliem  by  tliu  tablv  and  a  siupondod  pUto;  cxbauxted  utr  iu  tho 
tub«;K  )x>coiiii»)  tumitious :  tho  idoa  it  lo  ntako  tho  wholo  spoco  no 
by  fttill  bightir  froqucncius  and  voltsgo. 

1 1S4.  IIu  has  stiowQ  that  Utoso  oondmooa  oro  not  dangOKUS, 
booanao  no  real  cturont  poosu :  oad  ho  orguus  tliul  wham  bJs 
aim  is  raocdied  thoro  oan  be  no  danger  beoausu  the  oondiUona 
will  be  tboee  of  a  bath  of  light.    Horo  then  we  sl-v  h»w  mis-i 
kodincc  a  hypothc«is  may  booome :  the  whole  body  would  form  [ 
port  of  this  fiuld  and  lie  subjoolvd  ti>  tliu  iiicuosaut  vibration  of) 
oU  ita  ooustitiR'Uto ;  is  it  to  be  mppuiied  that  tbia  would  nobl 
provo   most   ditiastrouB,  evun    though   uotbiug  aiialt^ous   to! 
"shock"  existed?     Light  boa  only  a  snperilcial  action,  Uis' 
«lectro8tatio  field    pouetratos  ererywbera ;    in  such  a  field  it 
would  bo  ueoetoiary  to  enclose  ounelrea  io  a  meUUio  coating  to 
escape  the  uuivenal  action. 

iiS^.  Teala's  tubes  disprove  the  assertion  that  light  i$  «&< 
electric  vibration,  wliili-  ibey  prove  that  ribration  generate* H]fht.\ 
la  the  isolatod  lube  in  tho  puloutiiii;  tie  Id,  electric  vibratH 
exist,  tho  molecule^:  of  air  are  tuoviug.  but  how  ?    in  Btntgfa 
linos  botwoen  the  two  platc« :  tbiit  is  tho  universal  law.     uut^ 
the  luminous  nya  isaue,  not  iu  lh««e  lines,  not  at  right  anglefl 
tu  them,  but  in  every  direction  in  spboricsl  waves  from  overjrl 
part  of  the  tubo,  as   a  radiant  aotioo  oentond   frooi  over 


riljinttiig  mulocuto,   whilo  UiD   field  is  linear  betweeo    dotl 

I'Ik.'ko  lighl  raij»  aro  gcnontod  \fj  the  motions,  u  the  ciroolar 
WMVVK,  S  1 1 6;,  uTxt  gttnerntod  bjr  tba  stoDc.  but  are  no  more 
thcmxijlrce  olvctrioaT,  than  thoao  are  atony  ;  both  are  oonse* 
quoQOca  of  motioits  bttt  not  rel<tt«d  to  tho  cantui  of  the  motiouj). 

1 166.  Phgticaliiate  aSixtta  the  action  of  radiant  eneiOT.  Thaa, 
S  117]'  showB  that  in  the  gasoous  8tat«i  in  wbioh,  f  <S7),  the 
relations  of  matter  and  energy  are  nioHt  simple,  each  form  of 
matter  will  only  generate  its  s]>eciGa  ray  motion.  But  aolida 
oan  give  out  nysof  all  orders,  and,  in  them,  theqaiokvibratiouji 
-cannot  be  rat  up  without  bemg  accompanied  by  all  the  slower 
wavw.  This  explains  tho  reasons  of  S  ■>79'  la  ail  solids  the 
highest  vibrations  set  up  oonvBpond  to  the  temperature  attained, 
aaperpoiod  upon  all  the  lower  ones.    See  i  ij^g. 

1167.  I'oHSibly  we  can  form  tho  best  conception  on  this  subject 
by  tbinkiug  only  of  "energy  "  charged  on  vibrating  moleonua; 
this  is  mechuLioal  "  work,"  and  so  we  can  understand  the  "  rae- 
cbanical  eqnivalent  of  heat."  because  beat  ia  the  meaenre  of  the 
energy  changed  upon  matt<ir  in  this  state  of  motion  which  wooall 
heat.  'I'eoiperature  we  mar  regard  as  the  dataty  of  the  eiMr^y, 
and  diminished  wuve-leiigth  is  the  result  of,  and  oorreepoDda  to, 
inonsasiog  temperature  iii  the  radiant  source.  But  as  '*  light  " 
IB  a  sensation  only,  there  caji  be  no  "  mechanical  equivalent  of 
light."  The  term  is  sometimes  used  for  the  energy  consumed 
in  a  light,  or  the  heat  which  can  bo  measured  a»  light :  but  this 
18  variable  for  every  souroo.  Prof.  J.  Thomson  arrived  at  the 
value  of  11*1$  foot-lbs.  per  standard  candle-power  as  the 
"equivalent  of  light"  it«olf,  and  othen  have  made  similar 
estimates:  the  rMl  facts  will  bo  found  §  n?'- 

It 89.  The  most  boaittiful  illustrstion  of  thoee  principles  ii 

Siren  by  the  electric  current  in  the  experiment  first  published 
y  Or.  ih-^per.  If  wo  adjust  a  platinum  wire  to  the  slit  of  & 
Bpuctro>copo  (wh'MO  lenses  and  prixins  are  of  rock-salt  or  qnartz 
orystal).  wo  ctin  Imild  up  the  spectrum  nf  Fig.  106  by 

a  grailiihtud  cnrrunt.     Aa  the  wire  buats.  a  ihurinopilo.  niovs  

along  a  ecroon  on  wbioh  llio  spuctrum  is  itiroutoil,  will  ^boir 
heat  nt  a  ])oint  on  tlio  extramu  left,  but  u»nu  on  vitbor  aide  of 
it:  lu  tho  wire  in  niiwid  in  bjmpvmturv,  an  in  5  J90.  boat  will 
extend  towards  the  right,  and  tho  dcgreu  of  it  will  riao,  as  the 
curve  shows ;  but  this  is  ii'it  tlie  point  at  prunent  in  view,  which 
is,  that  this  rise  of  tho  ^uanlili/  in  diiitibct  from  the  quality,  the 
wavo-longlh  belonging  tu  the  position  in  the  aoale.  When  the 
wire  begins  to  sliow  lod,  this  colour  will  appoar  on  the  acreoii 
alone,  and  so  on,  aa  ti>mpt!r&ture  rieea,  tint  alter  tint  will  grow 
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(rat  like  mng*  lulded  tn  »  liul<lcr,  till  tlto  visiblo  apectnim  is 
comploted  m  the  wiro  nppronchoii  tho  whito  be«t:  in  like 
iDSitincr  the  iiltni-Tiolot  tfpoctruni  grows  ont  as  the  heat  is 
further  miscd. 

1 185.  It  in  ewsy  to  coniprchcDd  this,  when  wo  rocogni/o  that 
current  meanit  molrcukr  motion  ;  that  as  «rurr«iit  inuroaMW, 
motioD  increases,  and  that  a  motion  resulting  from  thoao 
motions  is  propogntcd  us  radiant  undulations  in  surroanding 
spftO*.  It  fuIlowH,  also,  that  every  source  of  light  has  its 
mecifio  quality,  dencnding  upon  the  temperature  to  which 
tno  light-giving  body  is  raised,  and  the  spucific  properties  of 
that  body  as  to  the  proportion  in  vrhioh  it  can  generate  rays 
in  different  parts  of  the  spectrum.  How  can  light  bo  an 
electric  vibration?  While  there  are  coinoidencos  of  action, 
S  S8S,  because  motion  is  a  part  of  all,  there  are  these  difforcuooa 
of  nature  between  light,  and  electricity  and  magnetism.  Ltght 
it  radiant ;  its  lines  straight,  and  free  of  all  control,  oicopt  by 
contact  with  matter.  Elecfricity  and  magnetism  are  eir<v\lal  f 
their  lines  curved,  rc-enteiing  and  attracted  towards  matter. 

1 190.  Db;ukk.s  of  TEMrEKATURE. — High  temperatures  are  very 
difficult  of  measurement,  but  the  spectroscope  may  give  iuforma- 
tion  on  them,  by  enabling  us  to  measure  the  heat  in  linos 
developed  at  these  temperatures.  The  following  table  gives 
the  best  iuformation  at  preeeot  attainable,  mm  vaiiona 
wiirces: — 
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The  t«mperature  of  incandescent  lamps  is  said  to  be  1570*0. 
or  i^jc^  Fabr.  rising  but  veiy  little  even  with  axaau  at 
current 


iiji.  Proportion  of  KncT;!ii  at  LiytU. — Put  onlr  of  tho  onorgy 
«xi>cnded  in  ruaing  to  in  pi' rat  it  iv>  appMra  as  Ueot ;  thu  ratio  of 
tiiia  part  iucroaiics  as  tho  t«inporatiiro  is  raimd,  and  tlus  is  the 
real  equivaleut  oflight,  S  1 1 87.  Tyndall  paaaed  lifiht  of  diSerent 
iiilenBitios  througb  a  eolation  of  iodino  in  biaalpGide  of  cftrbou, 
which,  whilo  perfoctly  opatinc,  is  diathorauuHme,  or  allowi 
Iieat-rayB  to  posa,  while  abaorblug  light-raya  entirely.  Hia 
results  are : — 
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Siemeus  eetiuated  that  in  an  arc  lamp  ot  3100  oandloe,  one- 
third  of  the  energy  becomes  luminous,  and  taat  inoandeecent 
lamps  utilise  4-5  per  cent, 

1 193.  Oa»  eomumption  teaches  the  same  leeson.  If  wo  divide 
the  feet  of  gtu  bnmt  \>y  the  candle-power  of  the  Hiclit,  we  find 
that  the  greater  the  quantity  of  gas  whioh  oan  to  faiHy  burat 
in  a  single  Same,  the  lower  is  the  quantity  of  eoa  [lor  candlo- 
power.  The  standard  of  ooDsnmptian  is  a  gaa  wiiiofa,  conenmed 
in  a  dcfiticil  Argand  bnrnor  at  tho  rato  of  j  feet  per  hoar,  givea 
t6  candlpM'  light.  Tho  »am<i  gaH  burat  in  badly  proportioned 
batawinK  and  fltihtail  bnmura  may  only  give  iq  eandlea  or  even 
loBB.  Too  rate  of  5  foot  per  ificandlea  is  '}I25  ))er  oandlo;  bnt 
ajocandloB  ran  bo  obtMlnod  from  a  So-fmt  burner,  wkich  iaonly 
'ao4  per  candli},  and  oven  better  results  are  obtuinixl  from 
regenerative  bumoni. 

I  t9j.  Tho  rooaon  i«,  that  tho  area  of  the  dame  is  lowered  and 
its  thicknuKH  increanod,  no  that  Ions  hont  rH<liat4^B  off  and  tbv 
tempornturv  im  higher ;  thin,  atiio,  ia  why  the  cylindrical  flamo 
of  tho  Argand,  CMed  in  by  tlii!  non-tranamttting  glass  tul«, 
gives  hi(;her  efficiency  than  the  ex|iiisc«l  flat  flame.  The  moat 
striking  illuntnitiun  ul  thin  in  tho  i)fUin-|iBlcntcd  double  burner: 
if  we  attnoli  two  Hmull  burucnt  to  floxible  tnbc«i>  and  allow  Hxat 
to  buni  Midu  by  xide,  we  may  note  tliv  light  oRiwt ;  now  if  the 
burneni  are  inclinud  to  each  other,  bo  that  the  flames  blend  is 
on<!,  a  ^rt«t  inereaae  of  light  la  penwivcd.  But  this  increase  is 
a  di-luatiiu,  fur  tlie  double  burner  only  give«  tho  same  roentt  as 
II  well -couHtmc ted  burner  oouauming  the  same  gaa  an  theeo  two, 
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'I'hu  real  puint  is,  Uutt  putting  thslgu  into  two  bumuni  rwlao«a 
tho  light  It  can  give. 

1194.  Photimetrn. — The  iBMaiminciit  of  Hgbt  i*  uiTootcd  id 
turiutt  of  «  fltAndard,  or  unit  light,  and  is  lw»<i)  on  tho  l»w  of  tho 
in'vDsity  of  any  li];ht  Loiag  iiircj«cly  a»  the  Mjnaro  of  iu 
(iLMtanco.  Th«  simpleat  tnodo  vf  tMting  gn»  in  hy  tbo  Budho 
I'hotuuietor,  a  gradiMled  bar,  nt  tlio  iwo  onda  of  which  an  tli* 
iighu  lo  bo  oompared.  A  aoTMn  of  white  pnpor,  with  a  greMod 
iiI>ot  in  the  middle,  is  movablv  on  thu  Imr.  until  tiw  mot  u 
v<in»]\y  uixUstiDgaiahabtft  on  each  ri<U-,  i.e.  till  tho  two  light* 
hiivo  oqiiul  puwer  oD  it.  Th«  bar  bring  gr.t>tiitti<r(l  in  torms  of 
tho  tttondartl,  tho  etrength  of  the  light  Ut  bo  moaaiirot)  i«  rood 
off  tho  acato  at  once. 

1 19;.  3%«  Itfol  mil  of  liytt  poirrr,  in  tho  cvo  of  gaa,  is  * 
HponnMeti  eandloof  ux  to  the  pound,  buming  it  tho  rate  of 
110  gmtnit  {wr  honr.  Hut  tho  ciindle*  vury  in  qiulitf  mid  iu 
ntlu  of  huniing.  Tho  PiX'nch  Htnmlnn]  ia  tho  Gareel  oil  lamp, 
whioh  rquiiU  9-5  or  9-6  Htnnrlftivl  ciiodloM. 

1 196.  Sugg't  ArgaM  gcu-bunter  i»  a  belt<!T  standard  for  largo 
light*,  aa  it  gireif  16  caodloa'  light  from  giut  of  all  i|nnlitivM, 
provided  tlio  flame  is  adjusted  to  exactly  }  inches  id  height; 
tt  ooniiamec  per  hour  to  pro<l»co  this  flame,  ;  feot  of  1$  caudlo, 
4  of  )o,  and  3*7  of  }o  oaadio  gaa,  auch  b»  ia  prodaoed  froa 
CUIDOl  oobI. 

1 196A.  Mooh  higher  lights  ought  to  bo  tisod  for  comrariBon 
with  iKiwerfot  arc  lamps,  but  tho  moaaurcs  of  theao  lights  are 
of  a  verjr  pioUematical  t&Iuo  botli  on  aooount  of  the  difficulties 
of  the  meawtremeot  itself,  $  i  j<x>,  and  becaaso  no  arc  light  in 
<'XtKtenco  romains  of  iiuiform  Hlrcngth  from  moment  to  moment. 

1197.  EteelrU  ttandard*  faavo  b«Jcn  tiroposod,  as  a  plntinnm 
wiru  of  nvoD  dimensioniH,  with  a  fixed  carrant  pnioing:  a 
luiinber  of  th«M  might  bo  arranged  to  give  a  laigo  light,  bat 
ttkvh  wire*  would  roquiro  cnxefui  adjiietni<-nt  im  to  current, 
Ix-i'iiUKo  nu  two  piocoa  of  platinitm  are  alike;  de£nil«  alloys  of 
plutinum  nn<t  iri<liitm  may  yet  cnnbtu  the  c<>ndittoiui  lo  be 
altiiinod.  Carl'on  lamps  could  not  bo  IruNtoiI,  bocausa  of  their 
viirying  viilue  hy  lapse  of  time,  and  from  the  atition  of  even  aa 
invivibb)  film  of  carbon,  j  1104. 

1198.  Chemienl  I'hotomtlr]/  may  provo  ralitable.  as  many 
roaotiont,  such  as  those  of  photogTHpliy,  will  give  oxacl  rceulte. 
Thu  combination  of  equal  proportions  of  p<'rfuotly  pure  hydrot;on 
and  ohlorine  has  been  utilixcd  in  tbo  photometer  of  Uunson 
and  RoKue,  but  it  really  gives  indications  of  tho  ultra-violet 
nya,  rother  than  of  truo  light,  and  in  fact  the  actinic  curve  of 
Fig.  io£  is  til'tained  from  Uns  reaction. 
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1 109.  The  b(*t  metuaifvunU  of  UglU  will  prolmbly  bo  efleotod 
by  tne  comparison,  not  of  liie  tohil  lights  themsolres,  but  aa 
FrofesHor  Crova  BUggested,  of  some  part  of  tb«  spMUruin,  mioh 
aa  the  V  liu»,  wliioli  is  present  in  all  lifiibts.  and  KpreseulH  the 
middle  of  th«  most  el&ctive  uortiuu.  If  a  obetnioal  reaotiun  of 
such  a  lino  could  be  fuimd,  aud  oonvenicotly  need,  it  wunlii 
give  a  qnantitalive  mc^ahuiv.  By  paaaing  both  liglite  tbrnngb 
eimilar  prisms,  aud  u->iiij{  only  the  aelectocl  nya  on  thu  pbolo- 
inet«r,  mioftil  iufui luatiou  would  be  obtained. 

1 200.  Poietrful  li'jhU  can  only  \<a  very  approxiiaaloly  mewmred. 
boc«ntM)  tboy  cannot  be  compared  direct  with  tho  ataudarl 
candle,  on  acconut  of  the  jin^eoit  length  of  bar  rwinired,  and 
becatieo  thoro  is  an  intrtuiiic  differencQ  in  colour  :  oven  in  oom- 
paring  the  candle  and  ga«.  with  only  twcntyfuld  diSereuoe  in 
power,  nnd  clofiv  likeness  in  ooloni',  tw»  cbficrvcrB  will  differ, 
and  when  the  tliflcrcnce  bocomce  oao  or  several  thousandfold, 
this  diflorence  is  Biriuna. 

ijoi.  Absokitiok  or  Liiiirr—ln  S  iiSS,  rcferouoe  is  made  to 
rock-salt  and  qnarrz.  Not  only  have  gases  thmr  spocifio  rate  of 
goncmtian  and  abeor]>tion,  S  Il73i  but  all  8iili»lanc«s  have  a 
■|>i:oific  relation  to  difloront  rays.  Thus  wo  havn  tlio  distinotioa 
of  opaque  and  transparent  bodies,  and  th>3  selective  power  for 
ooluuiB.  Hut  eTflU  (ranfporanj  substances  take  toll  upon  the 
passage  of  rsdiast  energy :  tl^e  oleareat  kIbss  takes  up  a  larip 
portion  of  the  long-wjive  lays,  as  well  as  the  ultni-riol«t 
Thus  we  use  glass  for  gi'eenhuuses,  as  it  trausintls  the  sana  ntjii 
hut  prevents  Uie  csonpo  of  dnik  heat:  also,  with  a  oheut  of  gls» 
Iwfaio  llio  eyes  wo  may  safely  look  into  an  intL'uwly  heated 
furnace,  and  examine  the  actions  going  uu.  On  tlw  otluir  band, 
an  opuqne  snbstance,  like  ebonit«,  pertnita  the  tne  rmmsfir  of 
tbe  ray^  which  glass  absotbe,  see  also  9  1191,  and  rook-aaltaad 
qiurte  crystals  ai«  almobt  the  only  anbstanoes  which  mn  nearly 
indifferent  to  the  nassoge  of  all  rays.    SeeS  £51- 

I203.  T^  abflvftn^  power  0/ jr'ctM  is  of  great  importaaoe. 

Clear  glass  absorbs loperoont. 

White  ground jO   ,1       „ 

Opal 60    „       „ 

Colouns)  glasHoit,  in  addition  to  the  absorption  of  Uie  \^hm 
itself,  tnk«  up  Iho  rays  complementary  to  tlio  colour  transmit  ted. 
MO  tjiat  if  wu  punn  a  light  lliTougli  finat  a  blue  glass  and  then  a 
yvLlow  glass  nearoely  any  lii^ht  at  all  will  remain. 

tioj.  In  oonneotion  with  thin  xuhjwt  it  should  be  under* 
stood  that  no  chantju  can  lie  mado  in  light  onco  produced, 
i  1 170,  except  by  taking  somv  of  the  rays  away.     Wt;  may  give 
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ft  tint  to  ftii  nrt;  light  b)*  biirninc  a  mi1>«UinM!  in  it,  tlinaa  noila 
■alt  will  give  yellownOM  to  too  light;  but  wu  cuamit  yita 
yellowness  to  nn  arc  lieht,  onoo  produood,  by  {lawitig  it  tlmmgh 
auy tiling;  wo  may  tak§  aaag  th«  «x<k:!«  of  violet  kiul  make  it 
«|)paar  y«11ovr,  but  in  w  doing  w  reduco  the  light. 

laof.  IncnndiMOMit  olectrio  lightx  an  Hubjt-ot  to  ii  npuciiLl 
absorbtDC  Agent.  The  oarlxin  wim,  enteoiMlly  whun  over- 
heated, g^TM  off,  in  aomo  ooiw*,  a  vnpour  of  cnrbuu  ivhiuh  furniii 
*  nearly  imporoeptibU)  dnrk  film  upon  the  intKr  fiK'i>  of  the 
gluii  wis  tni»c«rbon  fihn  biuiL-x.tm>r(tinaiTBb*orb<)tit  power*: 
ft  piece  of  glam  so  contcd,  held  in  front  of  n  Ump  in  |>orfcot 
action  will  make  it  appear  liku  a  red-hot  wirt', 

IJOJ.  DiTrTPtiiiUTioK  or  Linirr. — -Likv  all  rudiiint  actions,  tbo 
inteDBity  of  light  rnries  invenely  aa  tha  aqtiaro  of  the  didtanco 
from  the  aoiirui.>.  Thin  U  the  neoeacarj  eonamnenco  of  the  foot 
that  the  nr/acet  of  tphera  vary  a*  the  ujuare  of  their  radii  ;  each 
point  in  Hpaco  in  part  of  the  aurfaoe  of  a  aplivii^  formoil  on  a 
radius  which  ih  th«  diataDoe  of  the  Hght  sotiro-,  aud  theroforOH 
as  the  light  is  ilivided  over  ft  totftl  ai«a  incre*acd  aa  the  )H)ttaro 
of  the  rwliua,  the  quantity  available  on  each  unit  uf  nrvu  uiast 
be  inTeraely  as  that  valuo. 

i)o6,  ThiHwill  illiintnitc  thvidmoxpronitud  S  1 187,  A  BouToa 
of  light  may  bo  rcgArde<]  lut  nn  agent  fur  ooiivertiDg  potential 
energy  into  kinetic  onergi,-,  which  it  continmiUy  mdiates  away 
in  apherical  wavoN.  Thin  energy  travcixuK  j>ur«  tpaee  witu 
Uttlei  if  any,  nduotton,  $  n;7,  thongh  it  w  aWorbod  by  matter 
uttder  oonditioDM  explained, 5  iijJ.  AtoachaphericalextL-neiun 
the  wave  ia  spread  over  a  larger  area,  therefore  its  ampltKiJi) 
cT  height  !b  lowered,  and  tlie  cnrrgy  in  it  ]>er  unit  of  area  is 
rednced  ;  thnt  ik  to  nay,  tlm  driuitij  of  the  energy  is  lowered  in 
proportii>n  In  thu  failure  of  the  di»tanee  it  haa  traversed. 

Tliix  is  an  iinportuiit  00 iiniili> ration  in  applying  light  to 
praL'ticftl  uiH).  A  light  of  great  puwer  may  K'  ai>oleB«ly  iull^n80 1 
at  one  )>«Tt,  and  unttjual  to  the  re'inircfl  vffi^l  ut  unotLer.  As  . 
a  rule  nlno,  aevurol  lights  dintributvd  nbcutt  an  area  ari^  bettor 
than  an  (.■qnal  light  at  one  pivrt,  Imichuiu.;  they  break  ap  tlie 
deep  sbadovra  a  single  light  must  tlirow.  A  very  ioteuiw  light 
is  also  injiiriimti  to  the  night :  it  in  Haid  that  wo  need  Dot  look 
at  it,  neither  ni'i.^d  a  moth  tly  into  u  flame,  and  Itglit  draws  the 
e;ro  to  it  iiii  the  flamti  iloita  the  moth.  Buttvr  ixisiills  are  obtaiued, 
Ihronghout  a  spuov.  from  light^i  evenly  distributed,  than  from  a 
light  of  threu  times  the  nominal  power  at  a  single  point. 
Tteroforo,  notwitlmlanding  the  lowcost  per  candle  of  are  lamp*, 
they  arc  nnsuitable  for  internal  iMaii,nnd  less  econoni teal  tluiu 
the  more  oostty  incandeeceul  lampa. 

•i  ■«,  1. 
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1107.  El-OTTRICITY  IS  A  SoUBCE  OF  LlfltlT. — Tbia  i«  DO  now 
discovery,  (or  liavy  utad«  it  in  1S09,  aud  exhibited  ui  olootrio 
aro  four  inches  lon^  iu  air  uud  ouven  iu  vacuo.  Gi%«t  aim  m 
tec«uC  ttuprovemeuia  a{i|iear  to  be,  there  ia  matly  littlo  laora 
huawD  ou  the  subJL-ct  ilmn  faaa  beeu  kttown  for  inauj-  yous ; 
this  may  be  ticeu  fiuiu  Kiii|ifa  epedfioatiun  pubUahed  in  tS^. 
Bat  electricity  whd  too  tlear  to  uee  fur  thin  purpooc  until  tn* 
dyuaiao  maohiiie  became  a  praolioal  thing.  Tbeu  Jatd< 
introdnoed  bis  aio  "  candle  "  which  waa  aeeu  by  all  the  worl 
Paris  iu  1  djS,  and  took  the  ]iiibUc  iiuaKitiatiuD  by  ila  elnim 
rtway  with  the  intricate  iiit-chaiiiaQi  of  the  light  "regulator"; 
but  the  caudle,  as  a  matter  of  fad,  had  objections  of  iU  own 
more  serioTia  than  tboee  of  the  lampe  which  have  retumod  to 
tine.  The  ignorant  public  thought  tltat  i^aa  waa  about  to  1m 
HU|>eiee'tud  and  tbera  v>aa  a  perfect  jiouio  iu  aharea  of  ths  gas 
coinpaiiiea :  100/.  stock  of  London  companiea,  which  iu  Janaaiy 
1876  were  worth  I&8,  bad  fallen  to  i£o  in  January  1679,  and 
went  down  to  140.  That  aame  stock  in  Janoaiy  189a  ta  worth 
315  and  likely  to  retain  its  price. 

ant  electric  lighting,  while  it  will  not  do  what  waa  c»xpuet«(l, 
and  will  not  probably  aopersede  gaa,  or  ir^ure  the  intcrtwta  of 
the  gas  companies,  lias  a  great  and  im|>ortant  field  boforo  it, 
whioTi  it  wilt  cultivate  by  duj^reeci.  It«  real  fTogiKtm  thus  far 
haa  CDiiKiaied  in  practical  working  out  of  lacta  wiill  known 
before,  and  in  the  elaborating  of  dvlaita,  now  im)iortttiit,  bat 
which  were  not  studied  thoroughly  until  there  waa  a  prospwt 
of  their  being  of  some  value. 

I  JoS.  The  electric  light  is  not  produced  /wni  tledrieitu.  Tlusis 
the  rock  upon  which  niauy  inventors  have  wrecked  thomMlTea. 
Eveu  Hoieiitilic  writtra  often  spi-ak  of  the  eonvtniim  o/Wwfri 
into  light,  but  thia  ia  an  error,  aa  abown  S  ^84.  We  do  not 
eleutricity  aa  we  do  gaa  or  oil  to  produce  light,  and  even  the 
and  oil  aru  uut  converted  into  light,  but  into  curlHtniL'  ooid 
water;  the  auurco  of  their  light  ia  their  potential  en«r|^, 
fi'i;e  OS  heat  in  the  act  of  oomhusticn,  $  5S&.  The  prucMtbT 
which  this  heat  gives  light  ia  the  raising  to  white  heat  of  aolra 

Iiurliolta  of  carbon,  momentarily  aut  free  Oom  their  oonibiucd 
lydrogAD,  whioh  ia  burnt  first,  tlioae  particlea  which  if  (he 
ia  cooled,  ap[>ear  aa  soot.  This  may  be  ehown  by  a  B 
burner,  giving  a  blue  flame,  with  intense  heat  and  no  It]^ 
bocttuae  ihe  mixed  air  bums  the  whole  of  the  gaa :  fine  duat  of 
any  kind,  but  eapecially  carbon,  aa  lampblack,  apiiuklod  into 
tb^'  tiame,  at  onco  makes  it  Iniuiuoiia. 

uo^.  Strange  as  it  may  sound,  the   ]>rooeas  of  irenumting 
light  u  idfMtieal  in  the  tallow  <un<J/e,  tlu  gatfiaiiMi,  the  tUctrU  art. 
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and  Iht  htcandetcml  tamp  ;  in  all  of  tliem  the  light  procwda  rrom 
inteuflely  luaiUiJ  purtiuleii  of  carbon,  and  tlie  tjteieaty  of  each 
protX'Bit  tli;i>iruds  on  Ike  temperature  to  icftirJl  eathon  is  raittd. 

It  is  K»eiu:r  thai  it  Mncerted  into  light  in  all  nue*.  It  ia  tlie 
eott  (if  the  energy  and  ita  ^entilg  in  ttach  kind  of  light,  which 
constitatea  the  ralio  of  e»<numy  and  efflciencv,  We  ma^  «v6d 
g>ja  eta^  fUrtharuid  BajrthattbftprooeaBof  developing  energy 
is  the  same  iu  atl  oaaea.  In  the  t»flow  candle  we  have  a  ornde 
ga*  rertort  in  the  wick,  wbtoh  dravrn  the  melted  fftt  np  to  a 
puiiit  at  whioh  it  la  exposed  to  a  heat  at  which  it  is  vaporiced, 
and  then  burnt.  In  the  gas  faetory  we  huw  the  same  Viocess, 
more  perfeoily  CAiried  out,  iind  a  purer  ffl»  pToilnot'd.  The  fire 
of  the  nteam  I'oiler  fuliiU  ihe  itaiut>  function  for  the  eloctrio  light, 
and  by  the  aid  of  the  dyiiimo  machiue  eliminated  all  the  material 
randiiPB,  and  deliven  pure  energy  at  the  point  of  application. 

laio.  Dero  is  the  true  distinction  among  the  lights;  withtlte 
oil  and  the  gas,  wo  generate  the  energy  in  preecnco  of  the  waste 
nintf-rialfl  of  the  pruoeSB,  aad  a  Urge  part  of  the  encr^  b  « ti>  be 
cxpoiHiod  in  heating  and  Mirying  away  tbo  twinttant  wiitcrand 
carbonic  acid,  and  the  nwidiiary  nitrngen  of  the  air.  I'hcso 
hare  to  be  equally  got  rid  of  in  the  electric  proccm.  but  it  ia 
done  at  a  distance ;  therefore  wo  are  not  limited  to  the  quantity 
of  coiargy  contained,  potential,  in  the  matter  itwlf,  has  that 
n«o«Hari)y  lest :  *e  can  coDc«ntrate  the  energy  itself,  oloetriciiy 
is  its  Tshiclo,  instead  of  combined  matter,  and  surrendan  it  in 
the  act  of  lowering  ita  potential. 

till.  The  result  is  that  in  lighting  by  oorobiutioii,  the 
"denaitr  of  the  energy'*  is  limited,  and  in  each  case  can  only 
rise  to  tne  lemporatnnMi  shown  in  the  ttble  of  flames.  $  1 190, 
whiUi,  in  the  thiotrio  li^hl,  the  only  limit  is  the  capacity  of  tli« 
matter  in  which  the  light  ta  generaloil — the  tomperaturo  to 
which  ti  can  lie  raisc^l.  This  brings  us  to  tho  two  systems  of 
eleotriti  lighting  T  by  tho  are,  and  by  ineandftcrnee. 

■  ill.  The  \oltaic  Ana — Thia  is  the  name  given  t4>  what  is 
really  a  ounataut  "brush  disoharge."  That  pnidnood  by  fric- 
tion machineii,^  r  12,  iadnn  to  tho  groat  KM  Fcxiating  botvroen 
the  eonducioni,  which  breaks  ilown  the  n-sistatioc  of  the  air: 
it  is,  however,  a  current  nmni  or  leas  sustained,  and  girea  a 
liKht  proportioned  to  the  energy  preaent  in  it,  and  related 
(S  114)10  the  matter  in  the  space  and  that  earned  from  the 
poles.  The  art  forms  under  a  com iHtrati rely  low  F.  ST  P,  which 
ia  oompensated  by  tliti  ri-dn(«d  reaiMtance  of  tho  air,  duo  to  its 
being  iutensety  heatiHl.  As  a  nmsii^uonco,  tho  aro  cannot  be 
developed  acroaa  an  oiien  space ;  it  is  nocoasary  for  the  oon- 
ductora  to  tonoh  an  that  the  current  ixumos,  and  then  to  be 
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Repantod  grftdiially.    Dnring  thU  ution  tliC  ourrant  hc«Ut  tli» 
air  and  TapotizM  a  portion  of  tho  <!ODduotor,  thus  filling  tli« 

rrowing  interval  with  a  gtaeooB  ooo- 
aiictiir,  and  n-itli  a  light  proportioned 
tu  the  tiiitiTgy  trail  tun  it  ti.fd  to,  and 
t,ixpL-ii<lod  in  thiit  (lonilui^tiir. 

1313.  Th<!  appcaniiKt^  of  tho  arc  is 
Khiiwn,  Fig.  107,  aN  acvn  thri>i>Kh  lUrlc 
gliiiMU.-»  by  aid  of  a  luiut  wht«;)t  mag- 
uitii-K  it.  It  ia  Htich  an  arc  a»  ia 
i)litaini'd  with  tho  old  n^tort  varbcma, 
ruthor  than  witti  the  arlifioini  onra: 
the  glohulea  arc  cnuaotl  hy  tho  sitics, 
iron,  oud  sulphur  )>rt'm>iit  in  tho 
gruphittr,  froui  whioii  the  prrpunwl 
I'nrlxiti  is  purified.  Tlie  -f  carbon  ia 
usually  uppvnnoat,  and  heing  more 
highly  heated  b^  the  ounvDt,  banw 
away  moat  rapidly:  partiolt*  ot  U 
ai'o  tran§ferred,  na  iu  el«ctn>1y«i«,  to 
the  —  carlitin  which  forma  a  pointml 
uune,  whiles  tho  -f  cartion  furata  a 
hallow  uraiifr  of  intonao  hrightnow, 
and  acu  an  a  aort  of  oondonaor  tn 
throw  a  l&r^^L'  proportion  of  tLo  light 
doWDwarilH. 

1214.  Temperature  0/  Ihe  ore.— 
The  latest  r^Hoarohea  give  *  high 
valuo  for  thia,  and  Bocquerel  found 
it  3100°  centigrade;  vrhilo  Roasntti, 


after  numeroim  cxperimenta,  givea 

X  Ciirboii.  Arc 
With  So  BunHC-UB  2870  3500 
Uaxiiuum      ..       3900        4800 


—  Cathou. 
3400  CenL 
J 150     » 


It  is  evident  that  the  t«nipArature  of  the  carbons  must  In 
varied  with  their  dimensions,  and  that  their  rate  of  oomliiiatioB 
will  also  he  affected ;  bnt  it  is  stated  that  tlie  lempcratiuw  of 
the  arc  is  independent  of  its  thKhttts  or  of  the  carrciit  paiuilng. 
On  tlie  other  hand,  it  is  lower  with  rednced  voltage  which  wonld 
reduce  the  lenQlh  of  the  arc. 

'1  he  most  tefraotor;  minerals  fuse  and  volatilize  in  the  aro, 
and  aa  it  ilissociatM  meet  aubstanoes  and  redncca  tlitm  tu  tlio 
elementary  oonditioo,  it  ia  the  most  powerful  instrument  of 
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unalyaia  w«  poaaeM.  On  ttw  lurge  stale  itbeoomee  th6'*e1eotrical 
funiMO,"  i  8sa. 

1 3 1 ;.  7^  Ii^Al  of  lid  are  b  oamponod,  oonsUtint;  of  tbe  pui-e 
white  iight  from  the  iuoaudettoont  oarboiis,  and  the  apdciilo 
liright  rays  of  the  iucftndefloeut  Kuott  of  tbe  too  itself:  tbe  flnt 
4)r  Utratt  is  eTtm  whiter  tluui  mitilight,  beoaaae  this  baa  lost  tho 
tuyK  IwloDgiDg  to  the  (lurk  linos  of  the  sutar  spectruia,  aoil 
m noli  of  the  violet  eud,  whioh  is  absorbed  t»  |ia-aing  llirough 
the  at  Dim]) here,  Uius  lettvine  mi  evoeas  of  yellow  id  sanllgfat, 
wliifh  exeties  is  xtill  gn^ater  in  gas  and  oil  names  in  proportion 
to  their  lower  t«riipe»ture.  But  ihu  light  of  the  aro  oonBists  of 
a  faint  oci  tit  in  turns  spectrum  from  tbe  inoaudeeceut  aaiid  par- 
tioloM,  and  )>right  ntys  of  speoifio  gases,  nitrogeu  and  carbon, 
which  aro  priuoi|]ally  in  the  blue  and  Tiolet:  these  glre  the 
steel  glitter  to  the  aro  light,  wtiioh  is  so  ghastly  iu  its  effects, 
and  unfits  this  light  for  iutemal  domeetio  uses.  The  shorter 
the  aJX)  spaces  the  whiter  tbe  li^ht  beooinee. 

I3i6.  Colour*  bs  ore  li^hl. — A  conaoqueuoe  of  this  is,  that 
whdu  ooloured  objwta  are  brought  out  with  great  Tivi<iu<ws, 
they  Me  not  seen  in  either  natural  or  pleasant  tinte.  At  first,  a 
great  adviuitage  was  (dainied  for  the  electrio  light  on  this  head, 
becaniiu  bluiM  and  greens  are  not  properly  seen  by  gaslight, 
owing  to  thu  defieienoy  of  tlie  blue  r^ys.  But  the  excess  of 
thetMt  in  tli«  arc  has  its  own  drawbadu,  us  all  whittw  aixl  most 
tight  ooloum  are  orerbome,  beoauae  tlioy  reflect  all  tlie  raj's  to 
Homu  extoiit  as  well  as  their  own  apcdlio  ooloar.  This  la 
Htrikiiigly  iH.'un  wht-ii  a  fruiterer's  shop  is  lighted  up  by  aro 
lighbi ;  we  oan  seen  ut  unco  that  lite  varionaly  ooloared  fmila 
hare  a  motit  nnnatural  and  harah  appearuDoe.  This  may  bo 
Oirreoteil  by  tinted  glasses,  and  the  ineandettoent  lampa  have  not 
the  name  defoot. 

IJ17.  PenctraliiKj  paiciT  A&yieniU  npnti  the  intriuaio  brighlnus 
of  a  light,  and  the  quality  of  tho  rays  it  emits.  liitrinsJo 
brightness  is  nut  afleoted  bj  dinttuce,  that  is,  light  is  not 
abiiorlicd  iu  traversing  pure  space,  but  tlie  atmos)ihere  acts  very 
dill'unrnlly  at  different  times,  anil  its  abnurUug  power  differs 
gnntly  with  diff>.'rt!Ut  kimts  of  lights,  om  the  fine  partietes  of 
duKt  And  mointurv  taku  Up  {wrtieular  myn  and  ditfuite  them, 
wbiuli  in  the  oatise  of  the  biueness  of  the  aky  and  of  water.  Tho 
short  wnve-lengtha  are  moat  affected  iu  tltin  way,KO  that  lights, 
Huh  in  tliein  as  tlie  aro  light  is,  suffer  the  greate«t  proportional 
luaiH. 

This  may  bo  seen  on  WeHtminstor  Bridge  on  misty  nights : 
the  embanktacnt  haa  the  Jabluchkoff  i»udlea  on  the  water  tride, 
kiid  the  common  gas  lamps  on  the  other  Bi«le  of  the  road ;  at  a 


KJnmtlC  UOBTtRll. 

oertain  dii>tanoe  they  Iiocoem  indulingnUibftl>lo  in  spite  of  tl>6 
p-eat  diffor^Qoo  in  their  lisht  power :  a  little  farther,  and  tiw 
i;a§-Ittrnp§  may  be  Reen  while  cho  Withers  dimppDU. 

Li<ihthoiuea  are  seriously  affocted  by  this ;  it  u  iiow  siitu(<'<>t(*l 
thftt  the  light  abould  be  throwQ  Torticallym  aa  to  pruUrn^-  a 

fiillar  of  light,  visible  at  great  distances,  and  more  vittiblv  in 
"}!Ky  weather  than  the  most  pnvrorfiil  hoTisontal  beain. 

I3i9.  The  rtmitawx  of  the  are  has  been  very  diflbroutly 
valued.  Siemens  has  given  it  as  about  i  ohm;  W.  11.  Procoe 
I  to  J ;  while  Ayrton  and  Porry.  with  varying  battery  powo' 
in  Bunao'i  cells,  give  it  aa  1 1  ohms  with  Co  cells,  20  with  So, 
and  }0  with  13).  growing  mure  rapidly  than  the  reetatanoe  gf 
the  battery. 

tichwen<llor  found  that  with  an  arc  of  fixed  length  the 
reti*lanee  vane*  inwrtelif  lu  Ihe  airreni :  this  ia  readily  oom- 
pTi^hended  when  we  eeo  that  increaaod  current  dues  Dotaonnoli 
uffect  the  exiating  nrc  aa  iucroaso  iu  sectional  area  by  intro- 
dncing  more  conduotmg  material,  so  that  tlie  are  aet«  na  an 
expanding  pipe  would  with  water.  O.  Krohlichfinda  that  ia  the 
same  are  the  resistanoo  may  vary  from  I  to  40  ohms  aoooiding 
to  ihe  current  passing. 

1319.  The  E  M  F  in  ihe  (iiv  varies  with  its  length,  and  aooord* 
ing  to  the  experiments  of  I'rDfessora  Ajrrtou  and  Pony,  as  a 
enrve  corroep^nding  to  that  of  '■  length  of  spark  "  in  Do  fa  Rue's 
experiments,  5  116.  They  fonnd  thai  an  aro  of  one-tenth  nf  an 
fnc^h  reijTiires  Go  volts,  increasing  quickly  np  to  a  f|narler  tnoh, 
aiid  after  that  at  the  rate  of  \i  volts  per  inch.  The  ex|>oriiaMlls 
of  Frohlich  are  consistent  witn  suc)i  a  cnrve<. 

A  fwititer  JSM  Finaot  np  by  the  arc,  jiussibly  similar  to  tltat 
Duted,  ii')t.  Its  existence  has  been  mnoh  debated,  but  ajiprani 
to  be  proved,  aa  a  strong  baok  eurrent  is  a-tid  to  be  set  up  from 
tke  electrical  fnrnaees.  1 1 3 1 4,  after  current  is  en  t  off.  Some  have 
oalonlat-'d  this— EMI'  at  39  volts. 

133a  froHurt*  if  the  are. — Mr.  Wilis  announced  the  prodno- 
tion  of  tiitri^MH  acid  very  soon  after  the  iutroiluction  of  the 
Jabloofalc<'lf  cnndlc,  and  collected  t3  grains  per  liuur  from  an 
uelamp;  llicri)  aro  al*j  produced  ncotylone  and  iiru8-.ic  acid, 
chiefly  nt  the  +  carbon.  Profussor  Dcwar  used  hollow  curboos 
to  draw  olT  the  pn>diicta  nl'  tbo  arc  by  suction  ;  itdoes  not  follow 
thureforo,  that  auch  pniduota  escape  t<>  any  great  extont,  aa 
they  would  bo  nxidimd  townrds  tho  outer  surface  of  the  an. 
Rut  tbn  nitrouM  products  nuiiilting  from  thouuiouof  the  nitrogei) 
nod  oxygon  of  the  air,  miut  patia  int"  tlie  atmosphere  and  can 
always  tH>  Hmtrlt  whcmvor  ore  lights  are  burutrd  in  inehved 
nfnets.    TUi^y  pruditoe  wre  tlirouts,  and  do  the  Hume  or  worqa 
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dam&go  to  booki  •uil  gixxKM  Ihnt  which  iHt^ffcictod  bygu.  Of 
course  there  is  mrbcinic  iiciil  aliio  prrKtiicoiI  «iuivftteiit  to  the 
carbon  oonsuntod  ;  m  onlinaTy  gM  conUinn  about  t  ■  {4  frrftinii of 
c»rbon  per  foot,  it  l«  evident  thiit  in  thft  nrc  lamp  every  f^nin 
of  carbon  ooommed  oorrosponds  to  -75  font  of  gas  bnmt  in  the 
same  time. 

1321.  ApjJiwtimt  0/ the arclighl. — It  is  b««t  suited  fa>  exterior 
pnrpottes.  as  for  oairying  on  opoii-«ir  wortc  at  night :  it  is  also 
UHofiil  in  factories,  whcro  a  general  illiiminatioD  is  required 
over  a  large  area,  rather  thnn  nt  individu*!  points.  Tm  best 
moie  of  iiiung  it  in  such  ciuioii  it  under  a  otirvcd  roof  or  screen 
for  a  reflector,  the  lights  themselves  being  suspended  nndcr 
tho  roof,  with  a  eomi^trsnsparent  rellcctor  below  them,  which 
prevents  the  lights  themselves  from  being  seen,  and  takes  up 
psTt  of  the  direct  rays,  and  distributes  them  to  a  distance  by 
direct  rc6octi<in  from  thn  upper  mirfftoe. 

Tho  Jiurlttaliiu;  eharacUr  of  llie  arc  light  renders  it  speoialiy 
nnfit  for  reading-rrtoms,  lut  being  itynnous  to  the  sight  from  the 
oonxtantly  ehiinging  a<ljiiKtniont  of  tho  eye  required:  and  the 
nrmlnotn  would  bo  injiirioiin  to  the  books.  In  such  places  the 
tnmcidcsoent  Umpa  are  the  right  thing. 

■  111.  Aitc  Lakfs. — These  are  now  socommon.  and  so  varied 
in  oonstroction,  that  space  will  permit  a  description  only  of  the 
fandamontAl  principles.  The  prime  object  is  to  keep  the  light 
uniform  in  quality,  which  it  may  be  said  is  not  attained  in  any 
form  and  probably  is  not  to  Iw  attained  ;  all  jump  noca«iona11y, 
and  it  would  appear  that  some  6nctuation  is  itieTitable:  the 
caasee  are  inherent  in  the  process  of  bnming  away  the  cvhon 
rods,  and  the  irregularities  of  stmctnre  in  the  rods:  henoo  the 
distance  apnrt  coniiniially  changes,  and  tho  object  of  tho 
mochaiiixm  is  to  compensate  as  steadily  b«  pcaeible  for  this 
change :  but  this  can  only  bo  brought  abont  by  the  elTecis  of 
theoaango.bvrarintion  in  tho  ctirrvnt  passing,  with  a  raralting 
variation  of  too  light  given. 

Illy  There  arc  two  distincit  systems  in nse.  (1)  Granlatiom 
or  spring  pretniire.  may  l>o  am-d  to  liring  (he  carbons  together, 
and  then  tho  apparattiH  Hoparat«fl  thorn  so  ns  to  fulfil  tlM  con- 
ditions of  $  1 1 1 1 :  then  the  weight  oontiuties  to  feed,  controlled 
by  this  soiiarnting  action  set  np  by  tho  magnetism  developed 
by  tho  cnrrL-nt  which  foods  the  Iniap.  (i)  The  difToroDtial  in- 
flncnce  of  two  nia;c;netio  actions  of  the  oorront  may  Ih<  ntilivx^d 
to  maintain  a  uniform  resiK'nncu  in  the  arc,  or  n  fixed  rato  of 
current,  or  profurnbly  a  fixed  differ-- noe  of  poteotials,  which  being 
indopeuiltrnt  of  tho  niirrentK,  enables  soTontl  lampfl  to  be  worked 
independnntly  uii  one  circuit. 
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1314.  lu  tlio  lauet  elementary-  form  of  rop^htor  Uie  iip|>w 
ciu-bon  ftlidea  in  a  Dteta)  cli)>  by  iu  own  weight;  one  aide  ol  tbe 
olip  1b  ociQue<)t«d  to  the  armalure  of  an  electromaj^Det,  wltidi 
nausea  a  jiresauie  iuoreaaiug  wiUi  current,  bo  that  when  tlie 
current  la  retluced  by  tbe  growini^  TL>aistance  of  th-i  I eiigl honing 
aro  apaoa,  tlie  preaaure  diiuiniahea,  and  the  oarbm  aUdes  down, 
til)  tne  growiuj*  current  afcain  atops  its  motion.  Similar  iii.iti>mi> 
with  more  deliuata  automatic  ocutrolliDg  moroments  are  utjlimd 
iu  varioiijt  iiaeful  lamps. 

121;.  The  dijereitlial  iiriiioiple  can  be  izplained  l>y  Uib 
Sieraeua  lampB.  used  iu  liKhthon^eit.  The  carrier  bar  iaaotHutAd 
by  a  loD^  ii'oii  oore  which  enters  into  two  Bo1«Doicla,  so  that  ita 
position  is  re^ulat^d  by  tha  diflerenoe  in  the  attraotious  thoao 
exert.  Due  coiiHiata  ot'a  <x>il  of  Htoiit  wire  carrying  the  oarrent 
whiob  gives  iheliKht,  and  iia action  sopuratca  the oarbona.  The 
other  is  a  iJ)uiit  circuit  of  hi^h  resistance,  and  tends  to  draw 
the  oarbouB  togethttr.  The  two  a<:lions  balance  when  the  de- 
fined difference  of  potential  exiiits  in  tho  arc.  If  the  aro  iit  too 
wide,  the  ratios  alter ;  nioiie  current  paaaee  the  shuut  ooil  and  it 
allows  the  carbons  to  approach. 

1226.  Stmi-iiifandetemt  are  lampe  were  devised,  in  whioli  the 
arc  was  matle  to  heat  lari;e  masses  of  carbon,  moving  so  as  lo 
expose  fresh  surfaces,  as  ia  done  iu  the  lime-li|fht,  or  blocks  of 
resisting  sabstaDees,  lime,  magnesia,  &a.,  but  they  have  not 
stood  the  test  of  practical  use. 

1137.  Jablochkofp  Canui.e. — This,  though  a  very  imperfect 
light,  still  reuiains  iu  use  for  some  purpiiseB,  on  account  of  its 
simplicity.  At  any  rate  it  calls  for  sume  attention  ou  acoount 
of  the  piiit  it  played  in  brin^^ini;  eleotrio lighting  to  life,  S  1 307. 
It  was  duviKed  to  do  »way  with  tbe  ueoessity  olregulating  tho 
aro  hy  mechanism.  It  e&ots  this  by  adjusting  the  dtatanc*  of 
thv  carbons  permanently,  side  by  aide,  using  alternating  cinrreDts 
to  insiiro  oqnal  cotisumntion  in  both.  Tlie  carbons  are  mouoiod 
in  braKs  tubes,  by  wbicdi  the  ountact  is  iua<le,  and  separated  by 
a  layer  of  plaster  of  IHtris,  and  at  the  lower  end  by  a  oement 
wliicii  Burroaiids  the  carbona  and  tubes  and  binds  the  whole  to- 
gi;!tbi.ir.  A  strip  of  plumbago  and  gum  joins  tlio  upper  eods  of 
tho  carbons,  mid  enables  1  be  curi'ent  to  pasA  and  forni  tlio  an ; 
but  if  this  is  onoe  extinguished  there  aie  no  means  of  re-lighting 
the  candle.  The  plaster  of  Paris  beoumes  heateil,  and  is  then 
u  {>nrtial  condnctor,  carrying  portiou  of  the  curreoit,  be<.-«ming 
vividly  luminous;  it,  however,  produces  the  intermittent  rosy 
tinge  which  frequently  llasbea  iuto  the  light.  As  the  oiuidlM 
burn  only  1^  hour,  a  lamp  is  used,  which  contains  four  caadlait 
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with  viirvK  iiud  «  commiitator  at  the  foot  of  the  lamp  to  tlitow 
tho  ciiTToiit  into  any  deaired  one  of  the  candlea. 

Thv  light  ia  more  omteady  ihau  that  of  any  inferior  aro 
Intap ;  itiid  the  light  generated  for  tJie  energy  anppUed  ia  muoh 
bulow  Uiat  of  tuiy  go{3  one.  Count  du  Moucvl  plaoed  &  oandle 
mill  Sorrin  lamp  on  tvro  siinilar  oircvita  ol'  ft  niaoliine,  and  found 
that  the  lamp  nve  three  times  the  lightuf  a  candl&  ThergiTe 
uliDiit  450  caiidlee  tn  their  beet  direction,  the  horfaHmtai  une, 
whit^h  the  iipal  globes  rediioe.to  17],  and  to  about  90  ou  the 
ground.  Piiinlly  groiiDd  i;1ol<<.-«  are  now  used  in  this  and  other 
rightm  to  diiuiiiinb  tliiit  lose  or  light,  with  the  dioadvantage  that 
tho  gliirc  in  k<j  greiit  ua  to  dazde  the  eve. 
'  A  iiuinliur  of  modified  furma  were  aevieed  to  take  a  share  of 
the  temporary  suoceee  of  the  "'  candle,"  but  they  have  all  died 
off. 

i2j8.  C'abboss. — At  first  the  charcoal  of  wood  wae  employed 
bnt  was  dieptaced  ly  tlie  graphitic  deposit  of  gas  carhon,  out 
into  naare  rods:  hut  ihia  not  ooly  ouutaina  aulphor,  iron,  and 
siliea,  out  ia  of  ver^  irregTdar  teiture.  aud  traversed  with  fis- 
aiirew ;  these  result  lu  great  variation  of  the  light,  and  artificial 
(urixine  alone  arc  now  uaed.  Tbu^  are  produced  from  variona 
fonuH  of  oarbon,  and  difioreut  niakera  employ  iliffitrent  nrooeama 
of  purifying  the  carbon  and  making  itup.  Some  usu  tJie  retort 
carlwu  finely  powdered,  and  boiled  with  alkuliea  and  aoi<la  to 
remove  the  iro^uriues ;  others  employ  lampblack :  the  aggloin- 
eraling  mateniihi  are  gun,  ataroli,  sugar,  and  piteh.  Thu 
muturialn  art:  worked  into  a  tough  paste,  pressed  into  roibt  by 
the  hydraulic  process,  graduaUy  drit-d  in  moulds,  or  ho  arranged 
aa  to  keep  theok  straight,  then  alowly  heated  up  to  a  red  huut, 
in  ooke  powder  ooDtaiuc-d  tu  retorts,  to  drive  off  everything  that 
oan  be  vaporised.  The  rods  are  then  soaked  in  strong  syrup, 
or  in  dissolved  pitch,  and  again  dried  and  varbouiEed ;  the  pro- 
oess  is  repeated  till  all  poroaitieo  are  filled  up  and  an  extremely 
dense  eubetanoe  is  produced,  haviug  a  metallic  ring  and  a 
fracture  like  hard  sleel. 

1219.  The  process  of  heating  the  carbons  in  a  hydro-carbon 
vapoar,  called  "  Dashing,"  firat  employed  by  Sawyer  and  Maun, 
and  used  by  uiakers  of  iucaudcsceiit  lamps,  $  1150.  i»  employed 
aliH)  for  arc  carbons,  which  cau  be  packed  in  a  suitable  retort 
and  heated  to  incandeacenoe  while  a  stream  of  vapour  of  gas-tar 
ia  drivun  throuK^i  the  relort;  this  process  is  in  fact  identioal 
with  that  whioh  produces  the  gas  carbon  itself,  only  oouduoted 
uuder  couditions  to  control  and  factlilate  the  deposit. 

13}0.  The  presence  of  various  salts  afleota  the  light,  tbufl. 
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mlts  of  sodium  tend  to  incrcaae  the  yellow  rayw,  and  ar*  SKid  to 
lengtheD  the  arc  and  diminish  the  bitwing  aoaada  prodnood; 
borax  aIso  tends  to  rednce  th«  GODsnmptton  by  fcuing  Od  tfan 
surface  and  dimini&hing  the  accmmb  of  oxypjn  :  bnt  it  nnpean 
doubtful  whether  there  is  advantage  derived  fmra  any  ndaitiom 
except  the  thin  ooatinK  uf  cojipor  which  u  oupluyed  in  MOM 
oas^e  to  lower  the  resistance.  <^^| 

ri}(.  DifffTvnt  makei  of  carimn  commme  at  iHlTi.triint  r»tM> 
witJi  the  sAin«  onrrent  and  light, and  it  would  «p|>iMir  thut  those 
baaed  upon  uniform  materials  give  bc«t  ro«ult« :  that  in  to  say, 
the  carbon  is  a  lampblack  derlTed  from  burning  pitch.  maA  to* 
O'tnonting  maurial  the  eiime  pitch  dissolved  in  nnphlba. 

Thv  conmimpti/m  of  earlxm  is  ahoiit  twico  as  nincii  nt  th«  -^  ** 
Bt  the  —  conductor,  nnd  the  total  npjipnrM  to  bo  alHUit  grain  'ofi 
per  candle  of  light  per  hour  in  tho  JahlocbkolTHyKtom.iiDd  from 
*i  to  '05  in  we  are  lamps,  diminUhing  m  tho  powor  of  dw 
lamp  inoreasee. 

Tne  most  complete  examination  of  ttiO  boliaTioiir  nnd  dnration 
of  carbons  will  bo  found  in  a  panor  read  by  Mr.  Imkiii  Siarlcii  lo 
tho  American  Institution  of  Electrical  Engineont,  aiat  M«y, 
1890,  and  oontainod  in  tho  '  Eloctrioian,'  vol.  2$,  p.  154. 

IJJ2.  IscjixDescEirr  on  Gi/iw  Liqiit.— Tho  fact  that  light 
oonld  be  produced  by  the  eleotiic  corront  passing  through  highly 
infusible  materials  was  known  early  in  this  oontary.  riatinum, 
iridium,  and  carbon  were  all  examined,  and  in  1645  Kin); 
patented  lamps  of  carbon  in  vacuo,  while  Do  Changy  niaite 
looooRfDl  attempts  of  the  same  nature  in  iB;8.  'I'herefora 
noent  progrMi  reUtw  not  to  principles,  but  t<>  details  and  the 
most  ooective  mode  of  giving  practical  oDect  to  the  iirinciplee. 

The  generation  of  heat  by  the  current  is  ezpUmod  I  ]&7, 
and  that  of  light  by  this  heat  in  tho  early  part  of  this  chapter, 
but  it  is  necessary  now  to  examine  somo  of  tho  bets  more 
closely. 

II)}.  Atomic  or  moUcular  Aeiit.— In  |  17  it  is  mentioned  that 
heat  acts  ugwn  matter  according  to  tho  atomic  w«ighbt,  and  not 
according  tu  the  weight  or  mosa  merely:  but  many  facts 
indicate  that  it  is  not  tvall}  tho  atomic  weight,  but  the  notACHlor 
wnight  that  wo  ought  to  consider,  f->r  the  same  aiibstonce  in 
tho  olcmcniary  state  may  have  dilToTont  rclutiotis  to  hoat;  this 
ia  particularly  tho  case  with  carbon  in  ita  several  foraui :  this 
fact  is  striltingly  cxemplifiod  by  many  inslanocn  now  known, 
in  which  a  mibxtanco  undergoce  »omo  unknown  cliango  at  a 
particular  tvmjx^ratnre,  by  which  ita  proporlit*  am  allerod: 
iron  undorgooa  such  a  chungc  in  cooling  fmni  a  groat  heal, 
and  gold  gives  u  striking  illuKtralinn  of  mich  a  change.     Wb*Q 
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melted  auil  euper-beatod,  it  will  cool  gradually  and  quietly 
till,  at  a  MrtAiD  HtAice  it  Huddenly  hc-nt^  spontiiu^oueiy  and 
gigwe  vividly.  afl«r  nvhich  it  fjoes  on  cooling  qnifttlv. 

I3}4.  Ttiiii  pli«noi»eiioD  is  called  recahtemue,  and  in  the  case 
of  iron  acoonipanied  with  changes  of  magnetic  and  electric 
properties  which  prove  these  to  be  functions  of  material  Htate 
or  Btmotnro,  j  Ij65.  The  eritieal  points,  aa  they  are  called, 
probably  oorrespond  to  a  uew  molecular  arrangement  of  the 
atoms,  to  a  potoage  from  one  allotiopio  6tate  to  another,  in 
which  a  different  quantity  of  energy  is  combined  with  the 
atoms,  and  the  suddea  heating  ia  doe  to  the  potential  or  latent 
energy  of  one  fonu  giving  up  the  exoeas  of  that  needed  for  tl>e 
other  form:  iu  all  likelihood  the  number  of  a'omii  bnilt  up  into 
one  molecule  is  altered  at  this  instaot,  with  other  ohnDgeaof 
physical  property,  as  in  the  case  of  OBune  0,  and  oxygen  0, 
deKribod.  i  Ci2.  It  appean  highly  probable  that  snoh  a  change 
asooouTs  under  these  oiToniiutuiOM  Butjbaoonnected  with  that 
▼ariaiion  or  chemical  affinities  by  whi^  gold,  for  instance,  is 
tmivaleot  in  aoroiis  salts  as  the  cyanide,  and  triralent  in  anno 
sal's  as  thechloriJo,  and  so  generally  with  those  metals  which 
form  l>vo  or  more  sets  of  salts  of  differing  valencies. 

lajj.  The  rtwuli  ih  that  tlie  oaiue  (juaiitity  of  hi--at  prodnces 
diifereut  t«m{H.'rMui«<ii  in  e<jual  wuii^hla  of  the  eamo  BUimtauoe; 
bnt>  snbjeot  to  moditjcutiutia  iudicnteJ  S  Cji,  a  fixed  (gaautity  of 
beat  will  ruse  an  e(iual  number  of  uuleoutes  uf  different 
Bubataiioea,  in  the  aame  physical  state,  to  tfau  Hune  lvm)>eratui« 

The  atomic  heat  ia  iJie  proiiuct  of  the  atomio  weight  aD<l 
spucillc  heut,  i  j68,  so  that  we  Lave 

I'latinum  197  X  '0J55  =  ^'99 
Grsptuto     13  X    aoi8  =  2*4] 

ia}6.  We  have,  however,  chemical  evidence  that  graphite  is 
eaeentially  different  &om  carbon,  of  which  we  use  the  atomic 
weight  13;  it  is  allotropiccarbun,  and  if  we  redion  the  molecule 
of  platinum  as  3  atoms,  and  that  of  graphit«  as  ^  atoms,  we 
should  liave  nearly  equal  molecular  beats,  but  this  is  a  mere 
faypothedls  at  present,  and  these  figures  are  giveu  to  show  the 
variety  uf  ac'tiotis  involved  iu  the  productiou  of  light,  awaiting 
further  knowledge  for  their  application. 

1 2}7.  Aliimie  ormeUeutar  tolvne. — As  different  subatanoes  have 
different  molecular  weights,  ami  abu  different  Bj>ecific  grariliea, 
it  is  evident  that  in  a  oonduoUng  wire,  w&ich,  i  ^37,  ia 
primarily  a  poiune  or  deliue<t  apace,  we  may  have  very  dillereat 
nuubers  of  molecules  taking  part  iu  ihe  uctiou,  aud  therefore 
different  relationa  to  heat ;  tUene  relations,  like  rvaislauoe,  vary 


SS8 


ELEmmc  Liauntia. 


[113S. 


also    with  tcni[)or«ttirc,   -which  Kltvrs  volume   diCrvreiiUy  in 
difluront  EubatuiQc*. 

*"^  =  *'-"^'-   P>''t^'""|^l^]=8-9'-    Gtnphit6Ji3=ii  4 

Now  if  we  muUiiily  together  these  fignroa  of  atomto  heat  utd 
atouK!  Tolume  we  get  for  platioam  jg-j.aud  for  carbon  a$'6,m 
the  oomparative  temperatiiree  to  which  equal  heata  might  raiM 
wirM  of  the  same  diameter. 

t])8.  SfK^fic  rfiitlimix.  p.  17J,  Col.  IU.,ai>d  tliat  roodiflecl  hj 
tho  variation  due  to  temperature,  woald  have  to  be  taken  tale 
aooount  in  oonrideriiij^  the  effect  of  equal  cuireutA,  aud  vre  haw 
uut  as  yet  eufficient  facta  to  mahe  it  worth  while  going  fbrtliBr 
than  to  tbua  imlicjitc  a  ooiirae  of  pruliably  ititerestibg  reaearcfa- 

iJjg.  Badiation  mpaeili/. — Not  only  Iiaa  each  gas  its  Oiffa 
Hpectral  liuea,  S  1172, bnt  each  solid  bu balance,  while  generatisg 
all  the  ravB  corresponding  to  ita  temperature,  i  itS6,  baa  a 
capacity  for  generating  or  emitting  apeciflc  raya  in  greatMt 
abuiidanco ;  thus,  if  a  piece  of  white  earthenwaro  with  a  dark 
pattern  upon  it  be  healed  in  a  fiimoce,  wfaeD  sc«n  in  tho  dark 
by  ita  own  light,  tho  dark  pattern  will  appear  the  brighteat, 
that  ia  to  say,  it  will  emit  the  light-raya  of  tho  spectrum  mora 
freely  than  the  white  ground,  though  both  are  at  the  same  tem- 
perature. If  a  platinum  wire  be  partly  polished  and  part 
roughened,  the  rough  part  will  be  brightest  when  heated :  alao, 
a  piece  of  glaaa  and  of  iron  being  heated  in  a  funiAoe,  to  the 
same  heat,  the  iron  will  be  bright,  while  the  glaaa  will  give  little 
light ;  on  the  other  hand  the  glass  would  be  fuuud  to  emit  mure 
of  the  daik  rays  than  the  iron.  Carbon  has  this  property  in  a 
high  degree,  and  it  appears  probable  lliat  if  all  other  obnaitiont 
were  equallEtd,  carbon  would  emit  more  light  lluin  plalinoni. 

1240.  Oww  Laupe. — The  following  exlruota  from  a  leoinre 
given  ill  Newcasilo,  by  Mr.  Swan.  JOth  Ootobor.  1880,  will  give 
the  most  interi-ating  account  of  the  origin  of  the  iuoandesceDt 
lam)>.  After  describing  Mr.  Kditou's  ezperimenta  with  platiutuu, 
he  says : — 

"  It  hid  ippwrfd  to  m*  for  mabf  J*ftn,  that  il  (rtr  dcctrio  light  wai  M 
btooma  ganerallf  luarnl,  It  waald  muit  pratHkblf  b«  bir!lhe  innin  tuoiiwnf 
utboB.  I  bid  long  bffort  Iht  timr  to  itbich  i  im  rrrcmDE  reiid«ra4  Ihit 
ld«i  praotlMbI*.  Ai  ■  mitUt  or  hi>lo[]r,  I  will  drMiibo  in  cipcrimaot  vhidt  t 
triod  ibout  tircDir  jmi*  fo. 

"  1  bi'l  a  Dumber  or  t'ltco  of  card  and  piptr,  orTKridnt  formt  mil  litM,  bortfJ 
io  obaroMl  in  ■  cmcibli.  Thi>  rnidbl*  I  muI  I«  b<  htatid  wbiM  hoi  In  ta*  d1 
tht  ipottarj  kiliu  btlongio;  \o  Ui.  WalliM  of  Forth  Biokt.  ,  ,  .  Uj  oubon  «n* 
in  tho  fonn  of  an  arch,  ibnul  on*  inch  high  and  a  quarter  ofia  iiuh  wids;  Ihi 
tudi  of  the  nrch  vcrc  held  <n  ■trinll  C)!iiii|s  witli  )i[iun  blodu  nt  <Btban.     Tbr 


Ut-pump  iMTiiiK  been  worked,  I  iivl  ibe  plnuure  of  letio;  thnt  vlth  the  battel; 
oi  40  ac  JO  otlli.  m;  cirb<ialieil  p*p«r  Mch  ticciaie  rfl  bol,  uid  IhAl  nolhisg 
itiuro  nu  ninleil  than  ■  >lkl1  iitrau|[sr  current  to  make  It  (Wo  out  *  brUllUit 

"That,  i  wuliJ«Dllr  belieirf,  wm  Ihr  rery  )int  iiitlaoci  ia  whioh  taibonlied 
pipit  wu  (TtT  lund  in  Iha  oanttmotinD  of  an  incKO'leMrnl  tlfitnc  Unip.  1  am 
now  ipeakinn  «f  twentjr  yt»n  a^  ftud  at  thnt  time  the  lellaio  lutttry  wu  Ui« 
fhoDpHt  woroc  of  eleclrlclt;  known,  nnJ  the  mtani  of  prolnclne  high  nmit 
were  tttj  much  \ea  petfeet  than  (hey  ore  now,  I  Inld  mj  electric  ligbl  eiperi- 
menu  afida  till  about  three  vtan  ago,  wbeu  two  thlafi  canourrtd  (a  lead  me  to 
punue  tha  lubjact  afraah. 

"  Tba  dUeovcry  af  Lha  dymimo-niiiahiDi  had  aeUralf  ■ll«T«d  the  iKvitlon  of  th* 
qnaatiM  «f  elactric  liKbtiuK.  Tba  8|in«gal  air-pump  tM  had  bt*n  invenlad, 
(Ciring  mneh  hi|;bar  ruiia  ihiin  (ha  old  fom  of  air-pump.  Ui,  Crookn^  isdio- 
mmtr  aipeiimenta  had  thown  ne  what  a  mlljr  high  Taeaom  wiu,  ud  bow  to 
produeo  It. 

"  1  had  the  eood  fottaie  t«  make  Mr.  Slwin't  aKiuaiiiUoea  (who  bad  acqnlrtd 
locb  a  knovltgo  of  the  Spranstl  pump  ai  wm  onlj  cquailcd  by  Ibat  ot  Mr. 
Ctookei  bimulf),  imd  that  wu  ono  of  lha  lUtarmiBlng  oiiuMa  of  taj  aacond 
attempt  to  Mlve  the  problvm  of  alaetrlo  lij{hliog  by  tha  UeanJaataM*  of  (arbon. 

■■Id  Oetobn  |H;;,  1  nBnt  to  Mr.  Atearn  a  nombar  of  catena  mad«  from 
catboDidd  catdboaril,  with  the  rngufit  ihil  he  woubl  f«t  than  monnlad  for  D«  ia 
glow  globaa,  and  tbtu  vxhauil  tht  «r  an  coiniOetaly  a>  imaibie. 

"  In  order  to  prodnoo  a  good  raeaum  it  *<u  fouod  aecwaty  lo  hcit  the  carboD 
to  a  very  high  de^rM  du^iHjp  Ut  frocM*  0/  iihwutiOK.  »  u  to  ejpei  the  ulr 
■Hcluded  by  ik*  carbon  Id  the  cold  atatt.  In  onltr  to  make  a  i;aod  isataet 
btlWMD  the  carbon  and  llie  clija  tupjKiitiag  it,  lha  and*  of  the  nirbont  wer« 
thickeiiaJ,  ud  in  lania  of  ibetarljr  eigiriimesU,  eleclrolypisg  and  hud  nldtriog 
of  th*  end)  nf  the  eatboan  to  plaliaum  waj  naurtrd  to," 

1341.  In  the  latbTpart  of  187S  Mr.  Ediaon  turodd  hi6fttt«n- 
tion  to  iocsudeacent  ligbting,  and  it  would  appear  that  the 
actual  invention,  the«niionncem«ntof  which  produced  the  panic 
referred  to,  %  1207,  waa  really  one  of  "hich  uotbing  has  since 
been  hntrd,  vis.  a  aemi-oondncting  incaodeeoont  material  com- 
pounded of  infusible  earths  and  carbon  or  metals.  1  had  myself 
patented  a  nearly  idontioi)  idea  within  ei|;ht  days  of  the  date 
of  Mr.  Edison's  patent,  and  had  toatod  and  found  it  worthleae, 
while  tho  ecuro  was  in  fnll  vigour:  and  1  may  say  that  the  idea 
wuM  migg«8t«d  tomfi  by  tlio  vi%-i<t  light  ^howD  by  Jalilochkolt 
at  the  1878  Exhibition,  derived  from  a  thin  atrip  of  piaster  of 
Paris  made  inoandeaoent  by  an  induction  coil. 

1 J41.  Mr.  EdiH»n  then  took  up  platinnm  and  made  a  very  good 
lamp,  baaed  upon  his  ro-discoTeiy  of  tho  effect  of  gradnal  repMted 
heating  in  rendering  platinum  more  coherent  and  infusible;  hut 
OTon  this  would  not  atand  working,  and  then  hia  adminiblo 
perMvemnco  in  tho  endeavonr  to  aocomptish  what  ho  had 
promimd  to  do,  let)  bim  to  tiy  carbon,  and  in  hie  patent  of  the 
loth  Xovembor,  18791  he  ap<^akB  of  using  "  carbon  wires,"  and 
saye  ho  has  iliscoTercd  that  even  a  cotton  thivad  properly 
cnrboQJzod  in  a1>Ho1nt4.'ty  sl4ible  at  very  high  teiu|ioTaCuri>«  Id  a 


ixisonuc  uoaTiHfi. 

hmW  biiPi  oxhn listed  to  on«>ini)lionth  of  ui  alOMMpfadrft. 
incxhanatiblo  (ixporimfintal  naorgy  lod  him  to  ex&mine 
OTory  itnaginablo  carboa-prodiicing  eubtitADCO,  aad  after  BrigtuI 
bonrd  piiDchod  out,  be  nltitnaUtly  uttlod  apOD  b&mboo  idutpod 
into  mitablo  form, 

114}.  Ah  to  ihe  order  of  dinoovery,  Mr.  Swan  went  on  to 
«ay:— 

"laui  articU  nliich  A[>iK«i«ii  id  ihc  Ftbrukry  Dumbtrof  Ssnttarr'*  Jf^yauM, 
mithfDliotdl  hj  a  ]>li*T  (nm  Ki.  CiUuii  in  tb«  i*m»  MblkallMi,  ll  U'UMl 
that  Ur,  EdiwD  wu  Ihi  lint  ta  qm  tatboniMd  papni  mt  b  loevrract.  Aai 
thU  *]m  aman  tlxti  •  dcicriiiiioa  of  Sprtugcl**  pamf  M<d  la  ckluusUng  ti«M 
lainji*:  'Ur.  £i1uod'i  uu  ot  carbon  la  aucb  •  rwno»  li  railidjt  o«w.'  Nnl 
I  duciof  tbcn  ate  nianj  ti«ra  wbo  will  rtmanibcr  tlili  little  Ump,  whM  I 
ahoircd  Dim  two  jMn  a{v  in  aclivo.  Thit  Umj>  tiu  uKily  tl»  •«•«  ainflMlf 
u  nj  proHBt  lamp,  twist  oompOMd  •Dliratf  of  IhrM  tobtlaima,  vu,  gtaa, 
platiauin  and  caibon,  und  il  wni  tihiiaal*il  in  pnriHl;  lit  mid*  aiaiMer,  ul  I* 
Iha  lama  4tgnr,  a>  Ihat  which  Mr.  Ujit«n — at  tloubl  in  good  Aitk,  bni  lUU  la 
nrOT — apankf  of  u  'mttrtij  luit,'  1  do  Bot  mtntioa  itwx  thing!  in  buj  waj  Is 
dl*]iaiu«  Ur.  £dl»o,  for  no  one  can  Hl«m  men  bighljt  hu  InrtDtlve  ftailiu  thH 
1  do.  1  merely  itato  then  fscli  beoauie  I  ihiak  it  ii  right  !•  do  ao  l«  By  vm 
iaitmt.  oud  la  Iha  intmita  of  liuo  h'mirj." 

I J44.  An  «  muttur  of  trim  blaiury,  iiL-ilb«r  Ur.  Swan  nor  Ur. 
KdiauH  Iiavu  uriy  <^liiiDi  (tbough  thin  waa  iMt  up  and  promiaed  a 
fruitful  hiirvurt  to  tbo  lawyuru)  tu  thu  unv  uf  curbon  am)  vacnnu, 
Kingly  or  coinbiocd.  Tlio}-  uiwil  a  finrr  fAreiid  or  virc  of  oarboo 
than  pTvvimitt  oxiioriniunhini,  or  at  Ivont  tban  othem  vntt 
|>iiblioly  uoquiiiiiUid  with,  but  this  pive  no  right  to  inatorial  ur 
nizv,  Tor  otbura  luid  tiiily  Iwon  limilud  in  tliin  uinttor  by  tlie 
difficulty  (jf  produoing  vt-ry  tbici  oArbiiii  ruibi:  ovory  one  bad 
euaght  tv  UHO  aa  ^rarfuut  vaouuiu  tu»  pc^twiblc,  aod  tboro  was  00 
diaouvory  ill  uning  ihu  improved  vacua  opun  to  every  oqo  for 
any  purpuou.  Thi;  ri^l  improvduicutv  of  lioth  cUimanta  ooDSiat 
in  tna  modun  gf  obtaining  a"  curbon  wiro,"  and  iu  thodAtaiiaof 
th«  oonatruction  of  tim  binip  itnulf. 

Tho  ineajulrtcmct)  0/  carbon  m  Mouam  wbb  |iatcinto«I  by  Kiug 
in  1845,  and  iiivcnUid  by  titurr,  un  Amorican,  aanooii>t«d  wi^ 
King  in  ulociliiu  lighting:  tbvy  unud  tho  bvat  vaouunt  then 
uttamabli^  thul  pniduood  tii  a  baronictur  tuliii,  and  Mr.  Mattun 
Williaina,  who  wiui  working  with  tbom,  mya,  "wo  had  DU 
ditGuulty  in  ubtuining  a  Hplandiil  and  [wrfoctly  ateady  Hgbt. 
Wu  iiaod  platinum,  uud  alluya  of  platinum  and  iridium,  ood 
Uiun  tried  a  uuldludo  of  fornut  of  carbon,  inoloding  boiut 
oano." 

U.  Jobaid  ID  i8)6publiahed  tlio  idea  of  uainz  a  amall  cwbon 
«a  a  conductor  of  currant  in  a  Taouum ;  uiid  M.  do  Cbaogy  made 
effbotivo  lauipB  of  tbia  kind  whioh  wen  aubmittod  to  the  Academy 
of  Bntaada  in  1658. 


PATWT  UW  xm  KIKiflg. 

1245.  P*TK<T  Ijaw  *nn  Sctence. — W»  have  Imil  uumeroutt 
suits  over  tho  progmtH  of  olectriv  lt|i;htiiii{.  th«  oo«t  of  which 
the  publio  has  to  imy  in  th«  loti^  run,  which  have  ael  tip  most 
nDfortniiatff  prtKH-dnnlji.  Must  of  thoso  uctionft  hare  not  rettllj 
beou  about  real  tnemlion*  at  all.  The  niuu  who  makes  a  roal 
discovery  and  worlu  it  out  18  a  honefaotor  who  ought  to  ho  ru- 
warded  :  but  wv  ciuinot  nay  that  of  a  man  who  makiM  only  the 
first  grasp  at  a  jiiece  of  i-.ommon  knoirledge.  If  the  reul  fuunclft' 
tion  of  a  claim  to  a  patent  is  the  ((ivin^  of  aonietliinK  to  the 
publio  which  it  might  nut  othernjAu  nbtain  (and  tlnn  in  tho 
tbeontioaUy  log<d  and  reasonable  fjuudatimi)  tlR-re  oiigbt  to  bi» 
DO  pat«iit  for  morely  applying  a  well  known  fact  to  «  tiurpoM, 
self  obvioui  M  (won  as  tne  purpose  is  wortli  aocomplinhmg. 

Every  one  knows  that  ciiirentA  will  work  apparatux  in  •vtim 
or  in  arc,  and  uavli  haa  its  advantages :  yet  moat  surioiiH  olaimK 
aro  patriitiHl  to  the  ri^ht  of  ilistribntiiiK  upon  one  or  other  of 
them  piitiuii)lei.  ClMms  of  this  urder  »r«  even  baaed  npoD  mere 
anddcntiil  txprtiKsions  made  without  any  clear  knowleilge  at  the 
timi?,  but  wiih  a  meaning  read  into  them  afterwurdii.  Lot 
lawj-ont  wiy  what  thoy  will,  this  is  a  wrong  on  the  publio. 

PcrhapH  tlie  beat  definition  of  a  jitsl  putvnt  ia  tliat  of  Jaatico 
GilcK  of  America  in  the  Singer  mauhiue  case  :  "  Patents  aro  not 
moti(i{H^liL-«i,  because  a  monopoly  is  that  which  segregiktM  what 
was  common  before,  and  eivcs  it  to  one  person  ur  clawi  for  use  or 
pnilit.  A  ]>ateut  is  that  wliicb  brings  out  from  the  realm  of  mind 
nmelhinu;  that  never  exists  Ix^fore,  and  gives  it  lotheoonntty." 

1 2^6.  It  is  remarkable  thit  the  two  leading  iDventon  of  the 
oarbon  htnip,  Ijwau  and  Edison,  each  claim  a  definite  frindplr 
in  pruduuiug  the  carlwn  wire.  Mr.  Swan  took  au  or^niswl 
HtructuTL',  crotchet  cot  t<'n,  and  detlrni/t  Ihal  ttrueture  by  acting  on 
ii  with  aviJ,  so  as  to  reduce  tho  cotton  libn.>«  to  a  grtmmj  aub- 
HUnoe  before  carbonizing.  Mr.  Edison  used  tbebamboo  atrip 
betatiM  it  haa  a  definite  tlrvetumi  form.  It  may  be  that  tlie  preaenoo 
of  ailicA  iilays  an  important  part  in  tho  Editon  lamp,  but  it  ia 
very  evioent  that  nmthor  of  thess  principles  can  have  any  im- 
portonoe,  bocanw  makon  of  lampa  pay  noatieuliou  to  them, 
out  Mr.  .Swan's  proooM  is  muMt  genoiuly  UBod.  and  Mr.  Eititiou'* 
name  of  "filament"  lor  tho  conductor  proved  of  gTektimportauci; 
legally. 

Other  namoa  mnat  not  bo  ovorlookoil.  and  Ur.  St.  Oaorge 
Lane  Fox  ranks  nearly  pamllol  to  ijwan  and  Edison  In  tb« 
introduction  of  incandeacunt  lighting,  though  for  some  reason 
he  fell  out  of  sight.  There  ix,  however,  no  pretension  in  this 
work  to  examine  qnoMtiims  of  priority  or  merit,  except  inotdan* 
tally  and  in  tlt«  oourao  of  description. 


» 


KLBCTRIC  LIOHTnm.  [»4?> 

1 147.  Tfa«  (lifiereuces  in  tha  vartoaB  laatps  oooaht  in  doUib, 
BOinv  uf  wbiob  require  separate  OOnsldentioD. 

Form  of  eorbon  utVe. — Tho  E^iton  la  a  tall  ftrcli ;  tho  5im)i  ii 
n  KimiUr  arcb,  of  which  the  ii]>p«T  part  makea  a  npiml  of  one 
turn  of  hftlf  an  inch  diameter.  Tli«  Jbdn  in  a  loogvr  cartioQ 
foti!«(l  up  Id  the  fonn  of  M.  All  this  ia  not  a  mero  noattw  of 
form;  they  act  rerf  diflereutly  upon  the  eye:  when  the  "irin" 
id  iiioanitescent  it  appears  to  tw  Tf>ry  greatly  increniwcl  in  site ; 
tliin  IK  an  o[>iioal  eSi-H  in  the  eye  itaetf,  a  result  uf  imuliatiaa. 
Tlio  result  m  that  a  t;raiing  of  wires  near  each  otlier  appMUS  lo 
bluiid  iii  one  mass  of  light  whidi  is  leas  distreoaine  tu  tne  ei);lit 
tlwu  an  equal  quantity  of  li|;ht  issuing  fmui  one  ai«tinut  wiroi 
thna  a  31axiui  light  is  more  easy  to  the  eye  than  an  Edison  of 
cKlual  power,  and  the  fSwan  is  iutermediate. 

1 2^S.  DimmnoM  ofanbun. — These  are  governed  by  the  eaoM 
jiriuciples  as  the  heating  of  wires,  S  J87.  Tlierefnro  the  light 
given  is  ptoporliODal  to  the  Itnglh  of  equal  wirun,  «ub^ict 
to  the  greater  loss  of  heat  in  short  wirea  by  the  more  rapid 
ooaliuK  through  the  coDneotions :  for  this  reaMni  inoandewMOt 
light  is  nadily  suhdivisille  with  little  loss,  while  arc  lighting 
Aulfers  ft  loss  at  least  an  the  sqiiaio  of  the  divisiou. 

The  tmnlifr  the  wire  Ihe  grttiffr  the  economg,  beoaone  of  the 
fucility  of  generating  high  t«m{>erature :  hut  this  nrdaotion  ii 
limitt'd  hy  the  c'ai>acity  uf  ihe  lualerial  to  eudtire  the  tompen* 
tare  without  njieidy  duslruction. 

The  best  diam'ter  U  still  a  subject  of  experiment,  and  will 
yet  he  ibflut<nced  by  improveutent  in  the  structure  of  th«  carbon 
itself.  The  Swan  lamp  carbon  is  about  O*  25  mm.  in  diaraotor, 
an<l  the  Siemens  2;  candle  is  o'  a;  mm.,  both  of  einmlar  auction, 
whilst  the  Edison  16  cuodle  oarbou  is  of  oblong  seotion,  with 
aidt«  O'  I  and  0*3  mm. 

Lamps  are  also  made  of  mncb  larger  aeotiooa,  uuoh  at 
Bernstein's  low  resisianoo  tamp,  formed  of  a  hollow  oylindar 
of  carbon,  so  as  to  obtain  large  ladiating  surfaoe  with  small 
quantity  of  material,  using  larger  current  and  lower  voltage 
tban  are  ftnind  to  give  the  oe«t  rwulls  by  other  nakera. 

■  249.  Diffatnt  maleriaU  aro  employed  to  produce  th«*'fiU- 
meut,"  The  carbon  tbivads  or  wires  could  not  have  been 
imagined  a  few  yeara  ago.  It  is  true  we  are  aoquaiutsd  with 
carbon  in  diflercnt  forms,  as  tli&  intensely  b^d  IranspATast 
diamond,  the  Diablo  charcoal,  and  the  crystalline  graphito  ;  but 
none  of  tboso  could  be  conctivod  as  forming  a  slender  SlamMt 
uf  any  strengtb  or  durability.  But  the  "  wire"  of  the  inoan* 
descent  lamp  as  now  produced  ia  r«aUy  a  im'i« ;  it  is  strong, 
i^ingb,  and  floziblo  to  a  degree  compatable  with  mt^t^tls.  and 
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therefore  will  be*r  the  inevitable  shocks  of  transport.  It» 
a[)]>i>>urunce  nUin  ta  th»t  of  a  gxoy  granular  met«l,  not  unlike 
cnante  atocl  in  fraotiirv. 

Thf  Siean  and  JSJinm  earbont  of  tlio  early  forms  Kre  raen- 
tioHOil  £  1 14^ :  the  ouo  WM  Di*d«  fVoin  orotchet  cotton  parch- 
euttne'l  hy  acids,  and  the  other  from  eel^ted  bamboo  atripa. 
Xmii-  Fox  used  the  Te;;olabte  Gbr«  employed  for  brooms,  *iid 
olhc-ra  havo  tried  every  Maooivakle  fibre:  some  asMrt  that  a 
vojre table  fibre  00 vert-d  with  animal  fibre  auohaa silk,  in  th«  host, 
antl  loany  use  oellnloae  dissolved  in  various  way*  anil  hrongtit 
to  a  soil  paste  whiob  can  be  forced  through  a  Auilithio  hnlu  in  » 
uylinder,  as  lead  wire  ia  made,  rolled,  and  otherwimj  tn^atcd. 

I J50,  The  material  is  pnt  into  the  desired  form,  then  oarlion- 
iKul  with  various  treatments,  attached  to  two  platinum  wliw 
eealed  into  f;l&ets  and  enclosed  in  the  bulb. 

TJie  jjathing  prooess  oonsists  of  atronely  heatinjc  tlio  carbon 
by  pasHitiK  current  throagh  it  in  a  bulb  lllled  either  witli  a 
hydro-carbon  vapour,  or  in  some  oases  with  a  liquid  or  solid 
puniflln :  the  result,  as  in  S  WJ9,  is  to  deposit  an  exoe«diuriy 
iteiiau  coating  of  graphito,  while  the  motion  can  be  conlrollocT so 
aa  to  obtain  a  carbon  of  just  the  nejataiice  desired  to  fit  uAoh 
lamp  for  its  speoial  work. 

-\\Len  the  oontroUtog  or  "master "  patents  expire  in  1893  no 
doubt  (here  will  be  a  crowd  of  improrement^  brought  forward 
tw  regards  both  quality  and  cost  of  the  Unipa. 

US'-  ErnaiQicr  of  Intandtttent  Lamps. — A  clear  diotitiction 
fth'iuld  be  drawn  hetween  the  efideney  of  diOVrvnt  lamps,  and 
the  cott  of  the  light  firom  them.  The  irfirieni^i/  ruUti.-a  only  to 
the  qnanlUu  of  energy  eojuumtd  per  rontf/o-poum-  jiroitticvd.  The 
(ott  depends  upon  this  multiplied  bv  the  toti  of  Ihe  tntrytf  na 
delivered  to  the  aouroe  of  lighL  Efflcloaoy  ia  commonly  ex- 
Xmani  by  the  Watu  oxpondod  per  candle-power  or  inTMwuy  by 
the  "  candles  "  dovelopoil  per  horso-pow«r,  which  sboald  bo  elec- 
trical horse-power,  $  11 11,  not  that  of  tho  engine. 

125a.  This  ospreBsion  of  UgUprr  H.P,  ia  Uht>fut  as  a  striking 
Ulnstralion  ot'thcdifrvrontlighl-prodncing  efiectaof  UDmhuiitioii 
and  elect)  icity.  In  $  1107  it  haw  bconsltown  that  ai  feet  of  km 
will  develop  I  H.I*,  in  a  gas  engine:  this  gas  at  16  oaodlo- 
power  will  represent  £7*1  (vindto-hoani  of  light.  This  engino 
driving  a  dynamo  would  work  it  lamps  of  i5  candles  or  giro, 
eay.  200  candles  of  light.  Thrnrom  the  liyht^eing  efficient^  of 
Ute  elnetrie  »ysitfm  it  itirerfold  liai  of  romhuftion  in  ihit  eeue,  which 
\»  a  fair  comparison  of  similar  lights.  An  arc  lamp  might  giw 
laoo  candles,  or  eigbteomfold  cfficicoo)',  but  this  would  not  he  a 
reasonable  comparisuD. 
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But  if  w«  oompara  eo$l  the  result  vrunUl  W  vt>ry  ilifTorottt : 
tbe  21  feet  of  gM  would  oast  only  it«  prioe.  whilu  to  treblo  ita 
yield  of  light  by  cloctiicity  would  nooa  th«  oztr*  oxponae  of  tfau 
ongine  and  dynamo  with  tJio  ucOMMuy  Ikboiir. 

ilj).  TTte  energy  expauUxl  ffr  CAiuU^-jMHter  to  tlie  li(;bt  itsolf 
is  the  proper  tc«t  of  «ffioienvy  of  the  tight  Mmroe.  and  it  may  b« 
well  to  use  gM  as  a  Htartiiig  point.  On  the  daU  of  S  t  loj. 
J  onlnc  fe«t  of  Ka^  giving  i6  cnndlo-powor  for  one  hour,  npre- 
senta  lb.  ■  I J  and  «nerg7  in  fiioi-lb«.  3,;  50,000 :  this  is  foot-lb*. 
If9,j7j  per  oundto  bour,  or  £0  watt«.  Bnt  this  high  Sean  k 
Bot  really  oompainble  with  thoM  of  the  electric  lieht,  beMiM 
the  latter  reproiwnt  the  natt  ouorgy  oxpeoded  in  hiMtiii);  the 
carboD,  the  THriooa  neovmary  wMtcs  having  taken  place  iu  ibo 
firoB  and  rogitiw,  while  in  the  ca*o  of  gaa  wo  bavo  to  deal  with 
the  jrmw  energy  and  efluotthoeowaatea  in  tboflamo  itsolf.g  ijia 

In  the  onliiiarj  fiiih-tail  bumem  the  gn»  givc«  on  tho  aveng* 
little  more  than  10  oandliw,  but  thiit  in  a  dofoiit  not  of  tfatt  gaa 
but  of  the  bumen,  ami  lor  which  tho  conanmors  have  to  bUlii* 
theni»)^««S  aa  alau  for  nut  ])n>viiliiig  proper  voiitilHtinn. 

The  relaliaa  coif,  howeror,  dcjiondgi  on  the  ooM  of  unercy  tna 
different  sonroea,  I  1 1 1 1 .  Thut  of  5  foot  of  gaa  at  }<.  is  in  peDoo 
-i9ofor  16  oa&dlehouTV.  If  we  take  4  niitls  iu>  tho  prvcticnl 
oqnivalont  of  the  inoandcwcvnt  light,  this  is  64  watta  for  a  ifi 
candle  lamp  nud  thia  at  &d.  nor  unit  is  prnoo  *}84  or  double  tbe 
ooet  of  giw.  and  this  i«  foiiml  to  be  practically  Hit'  rolativo  ooabt. 

1154.  Tk«  watU  par  rand/o  needed  to  maintain  the  lig;bt  u 
tb*  usual  oxpnrKHiiiii  of  effioi^ncyfind  coHt  with  the  incandeaceot 
olecttrio  %ht  'niiii  haa  liiten  gmdunlly  lowered  hy  iuiprox-ed 
make.  The  fulluwiiig  UMn  snowing  tho  value  of  different 
lamp*  tried,  will  give  uMful  infonnAtiim  together  with  that  in 
£  i2£4.  Thity  are  not  very  recent,  but  it  is  not  may  to  obtain 
rduvut  trustworthy  data. 
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UjS.]  HEAT  OF  uoanKO. 

tjtutemeiitit  ATd  orusn  uiulv  nbuul  laiiijw  oorkiiig  kt  2' J  watt*, 
and  as  mero  foots  tbejr  inuj-  1h:  true.  But  dirocUy  m  1auii>  u 
worked  beyond  its  iiruper  limit  its  officienc^-  dropn  uud  its  light 
(.-loiasioD  lowiMn.  Trustwortliy  uutli^ritic*  mv  tJi&t  thu  Kvvrugo 
le'iuirement  over  the  working  lift:  of  u  lamp  m  ubout  4*5  watta 
yoT  candle.  Ii  is  nut  well  tliAt  conauuiura  nliouM  oxjxict  more 
tliuQ  iimy  niv  likely  to  obtain. 

1255.  ifeat  effect  o/ligiu. — The  ioottadeaomit  Ininiiit  gonerutn 
iQiicb  letw  liuiit  for  equal  light  th&u  Kay  ootobtution  prooow :  in 
liuit  tlio  rab'o  would  betliat  of  the  relative  energiM  in  the  light*, 
but  for  tho  amoTiDt  carried  off  potential  in  carbonic  ncid  and 
water  Tupoiir:  thu  actual  reiult,  by  oxjierinient,  i«  tliat  tho 
iucandtaoeiit  lamp  givos  about  uuc-ttintli  tbe  huit  of  un  equal 
^ui-liglit,  with  ubMuTuto  freedom  from  uoxioui  pixxlucta ;  this  is 
the  real  advantagv  of  tbe  inooBdanent  tight  ov<:r  gM,  as  tbe 
uae  of  even  higb  illuniioating  power  boa  no  eflcct  upon  tbe 
boultb,  nur  upoD  booka,  pioturea,  &c. 

ti)6.  I'heae  are  mattera  of  great  imporlanoe  in  lighting 
fiubttc  a*$e^iAlU*;  the  preeenoe  of  moisture  and  oarbouic  aoitl 
aSbola  the  Huund-traniiuiittiTig  power  of  the  air,  and  the  mw  uf 
foot-light*  ucroiw  tbi)  front  of  a  atagv  xvuda  up  »  aoroon  of  thwo 
guaoa:  it  in  found  that  thi:Be  aScct  tho  trannniaaioii  of  miuio, 
which  is  therufure  more  effectivo  when  a  row  of  inoandvaooiit 
buraL-ra  nitilttcos  tlie  usual  gas-jeta. 

Hutieai  intlrummU  keep  tuuv  Ixittcr,  and  this  applica spooially 
to  organn  wlii<:h  »ro  deranged  when  there  aru  layora  of  air  of 
diflervnt  tomjiernturvv  affecting  llieir  dilTercnt  sola  of  pipM. 

13^7.  DuralioTi  0/  the  Lampt. — Tbishns  bci-n  greatly  inereHBd 
na  tho  man u fact urti  hiui  improved.  At  lirat  they  failed  very 
miickly  and  gavu  way  under  any  undue  current.  Nut  only  biut 
too  quality  of  the  cftrbon  wire  been  imprwed  and  ita  tendenoy 
to  vaporixe  reduceil,  bat  tbe  protK-r  limit  for  each  type  uf  lamp 
is  liettei  known.  The  "  life  of  iJie  lamp"  la  now  averaged  and 
evL-u  guaranteed  at  1000  bourn,  and  there  are  instanoea  of  tJieir 
working  for  6000  bouie.  But  tltia  apfliea  to  oaava  wbet«  they 
pDc-vivo  euro.  Private  bouses  where  they  take  their  chance  of 
munagement  will  probably  find  their  coualitations  weaker,  and 
Ibcir  uocn  abould  see  to  it  tliat  the  fittingn,  fnzos,  Ac.,  are  so 
arranged  tliut  they  oanaot  be  aubjeoted  to  over-atraiu. 

I3j8.  The  i/ieimj  ipay  0/  tin  atrbon  ia  attended  with  some 
curious  effects  :  they  oomuunly  break  near  to  tbe  junction  witli 
the  platinum,  which  may  be  due  to  a  mechaaioal  streeai  oouse- 
qiiont  on  osiMiiaion  and  cuntractioa,  or  at  wMuo  ]Kjint  wbieh, 
offering  a  higher  rwisUnoo,  gela  unduly  heated :  thia  latter 
should  not  bappen,  w  tho  proooss  of  uahing,  i  1250,  auto- 
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malically  remediee  trifling  irregnUriUe«,  w  the  greater  hmt 
thora  Tuuoee  the  carbou  more  at  tho  roquired  vpot. 

1359.  Tbe  BdiioneffKt  thmvnUfuhtuj^a  tbo  Oftosce  of  injur}' ^ 
if  ft  m«Ui]lio  plate,  isoUied  from  tho  carbon,  is  Kuitportod  vritiui 
the  ardi  by  a  win  with  a  tbird  tnnninal,  a  current  paaae«  &oa 
tbe  +  B)de  of  tbe  carbou  arch  to  this  plato.  but  not  in  the  rvnrna 
direction.  This,  with  many  other  Tacts,  shon's  that  I  liore  is  reallj 
a  direi^ive  agency  in  Uio  cnrrL-nt.  an>l  that  natural  Tacta  ixirT» 
Bpond  to  the  oonvontioR  ttiat  ctirrent  is  nvkoni-d  from  +  to  — . 
Wo  tiiid  simitar  diff'-renoos  in  the  carbons  of  tius  arc,  and  iu  tb« 
brush  and  «]iL*rk  dif^chargcx. 

1 163.  The  distipalicm  of  Ihe  carbon  a|i|iears  nut  tu  bo  a  vaiwriu* 
t.iiin  by  hcial,  or  distil lutioii,  but  an  impnlsivn  notion  similar  In 
that  which  prod'u-cD  so  many  lioautifiil  vftcot*  in  Cruokg's 
vacuum  tulies,  timt  notion  which  is  oallad  tlw  "  UirnbardmMit  of 
the  iuoleciil<>s  " ;  tho  surfaiMi  of  tho  carbon,  whon  cxiimitied  UDiktf 


tbu    microscope,  ap|K'»rs   tu  bava   beoo  aubjectvd    tn    BtltMM 
coherent  portions. 


tending  to  mako  it '*  bristly  "  and  to  hitvo  toni  out  the  loM 


ij6i.  'rhfT  arck  Ihrvtc*  a  ttiadow  of  itself,  a  light  tine  in  the 
dark  <Mrlxin  film  whoro  tho  line  of  ihu  carbon  hi>s  itself  noivvA 
ihc  projected  particlus  and  provontod  them  from  rt'scbing  tbs 
glam.  Copper  is  in  like  manner  thrown  off  &om  the  junclian 
of  carbon  and  platinum  when  this  i&  coppered.  Tho  effoct  opoo 
light  of  ihe  carbon  deposit  is  shown,  ^  1 204. 

i2Ct.  As  this  action  occurs  from  the  -f  side,  fractnre  of  ths 
carbon  is  most  froquont  near  (ho  +  terminal:  thwrefuio  it 
would  bo  well  to  reverse  either  the  lamps  or  the  whole  circuit 
at  intervals.  With  intemiiltont  curii>nts  this  dora  not  apply, 
but  they  introduce  their  own  causes  of  iujuri'.  One  of  tltese  is 
tho  circumstance  that  while  the  sng-ply,  the  light.  Ac,  uru  lasid 
on  the  "effective"  current  and  voltage,!  4)1.  the  ai^tnal  valars, 
the  crest  of  the  wave  rises  to  about  one-thini  abovv  this,  that  i* 
ir  tbo  ntaximam  is  10,  the  effetlive  ih  G'4,  and  this  not  only  ntwds 
more  insulation  than  an  equal  steady  cnrront, but  it  puts  grwter 
stn«8cs  on  the  carbon. 

Kxporicnco  will  soon  decide  whether  the  life  of  tlio  UnjM  is 
on  Ihu  wbolu  greater  with  constant  or  alternating  supply  ;  bnt 
at  prcMiut  it  is  not  n.ull,v  known. 

ii6}.  IIatius  Of  Li'iar  to  CuantHT  and  Kkkk'IY. — Light  ■« 
a  fnnoliun  of  temperature,  but  doca  not  increase  in  tho  saiuc 
ratio :  temperature  in  a  function  of  energy  subject  to  siteciSo 
moleoalar  properties  of  matter,  and  energy  is  as  tlie  square  of 
the  current,  nil  other  tilings  i«maiuiiig  unchanged.  From  a 
oomparivnn  of  tho  results  of  many  obeerveie  it  ap]ioars  that  tho 
light  JaoroMU  as  the  atxlH  fowec  of  tho  current,  C^    If  wg 
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follow  out  tho  roal  metning  of  this,  tra  wee  lliat  it  meaDs  the 
oubo  of  tbo  ea«rgy«xpeniled  (0*)',  or  rather  it  would  do  ao  if 
the  raratanoe  was  an&lt«r«d :  ft  stage  further  briiigH  tiit  to  thia 
reaalt,  that  th«  temperstnn  vftriM  m  tho  oube  of  the  «iier^,. 
and  than  the  light  is  M  th«  tempoKtare,  which  np|i«Ani  to  do' 
autnie,  S  1 190.  This  maj*  also  txt  ox[ir«miO'l  by  the  ouIm  of  the 
Watt'a  oipoodod. 

Ono  cJEiwrimentor  finds  that  (C  -  C,)*  «!»««  tho  bat  flx- 
pnewioit  for  tho  luminous  powvr,  0  bciiiK  um  aottial  carrenti 
auil  Cj  that  nt  wbloh  tho  lamp  bogiiM  to  «h<iw  faint  rod.  Some 
i^xpiirimotita  b}-  U.  Felix  LnoM  iflnstnte  tlila.  He  u»ed  thin 
are  carboos  in  a  vaouain :  aa  Ihv  boat  me  thu  light  grew 
rapidly  to  over  }oo  caroels  and  then  moro  slowly  till  at  4^00^  C. 
theligbt  wns4i}  caroolfl.  Rnt  raising  temnoraturo  to  ^700°  C. 
ouljr  gavo  410  luiroi-ls,  and  a  riao  to  5000°  0.  brought  it  down 
again  toai  j. 

1364.  Auh  /ormuUo  eawwl  pombltf  be  true:  tfaey  are  mere 
emnirical  «x|ir<:iwionM  for  tho  actioun  witliiii  a  liimted  range, 
withiu  wliioli  tlivy  are  naufiil,  but  boyoud  which  th<;y  uiHle*d. 
It  IN  uTidont  that  tho  tnio  law  must  be  a  falling  curve  analo- 
j;ouH  to  those  of  magnetism,  atid  that  this  eurve  will  be  different 
in  metoLi  and  in  <»rb<»  because  of  the  r«vcrae  order  of  resist- 
anoo  variation.  The  table,  though  ohsoleta  as  to  actual  lauij)«, 
illuKtrat'.-a  that  fact,  aa  tho  old«r,Cnito  lamp  was  a  |)latin»Uk 
win)  upon  which  oarbou  bad  been  deposited  by  flashing,  $  tar). 
It  would  repay  the  stndeat  to  work  out  the  corrwxHtuding 
curves  which  explain  $  1191-). 

Ratio  or  Lioiir  to  Cowikit  axd  WoRr. 
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H8  SLKTRIO  UOtrnXO. 

1365.  A  oonataut  U  nee  wary  for  eaah  kind  of  Lamp,  beokiiM 
tbftqnali^utd  snrfaoe  of  t^  oarbou  modify  its  emiaeive  power, 
S  I3J9.  and  ooaseguMitly  the  t«mp«ratare  to  which  »  gircn 
carrent  will  nuM  it. 

Th«  muwHi  M  an  import^tiL  elemeot  of  that  ootisiaut,  beoatue 
tbo  nIativA  cooling,  that  b  waste  of  beat  of  two  lauitie  euMtlj 
aimilar  in  other  reeproia  may  differ  Kn*tly  on  this  accuust, 
i  5£o.  Slight  liuB  of  Yaounm  is  the  caa»«  of  failure  with 
tnxny  lamps,  owing  to  leakage  where  the  plattnata  wires  enm 
the  gWa. 

1 166.  Ths  Oost  op  ELBonuo  Ltaimtia. — At  finiC  the  moit 
VfTonooDB  fitatenienla  were  made  aa  to  this,  which  led  to  ex- 
travagant, expectaiiona  ou  the  partol  the  public,  and  atimulateil 
hdwuo  inv««tiuei)bi  whiuh  reaulted  iu  heavy  Iciesee.  I'be  basia 
of  tbo  error  was  the  comparing  together  tilings  having  no  rela- 
ttoD :  arc  lamps  giving  3000  caDdlea  light  witb  gaa-lights  ot 
10  or  iC  cai'dleepower,  S  ia;3. 

It  would  be  waste  of  time  to  cuusider  the  coat  of  arc  liyiltDf, 
a»  it  varies  with  each  oaae :  the  only  useful  infonuation  would 
be  a  atatemeut  of  what  has  beeu  nttaintxl  under  Mvei«l  con- 
ditiooa,  and  this  would  be  out  of  place  iu  ttiie  work. 

1367.  Statements  oomiao&ly  made  as  to  iho  incandMHtM 
lights  are  also  misleading  when  different  laoipK  are  oomjwred, 
becAUM  while  nil  lii^uoiite  tconouiical  the  higher  they  are  foreed. 
etkoli  one  has  ita  {iru|H-r  limit  at  which  it  will  do  best  wuit, 
while  working  uninjured ;  a  comparison  of  mere  light  per 
iKOBo-power,  or  watts  per  candle  is,  tlierefwre,  worthleea,  exoept 
at  that  limit,  because  beyond  that  limit  the  lamp  will  be 
speedily  destroyed.  Users  should  leain  exactly  the  voltage  for 
wiiich  their  Lamps  are  meant  to  work,  and  careful!  v  avoid  using 
anything  higher :  they  should  not  be  led  away  by  any  state- 
mentsasto  '■  effioieuoy,"  S  USl-  Thereisrwallylittlediflwonoo 
among  lamps  iu  tlua  rupeot,  while  there  may  be  much  m  to 
prautical  oost. 

1266.  This  oan  be  put  into  a  simple  formnta  which  will 
OXpresB  ihe  law  of  Ime  teonotii}/,  or  the  "  figure  of  morit "  of 
Lami^B. 

Oowt  of  lamp  +  Cost  of  current  X  tim» 
Average  candle-power  X  life  of  lump. 

"  Time "  and  "  life  of  himp  "  would  be  tlio  same  number  of 
hours. 

1 369.  The  old  saying  "  that  nothing  is  so  fnUo  aa  facts,  except 
figures,"  applies  very  thoroughly  to  this  subjoct.  Xutliing  is 
easier  than  to  take  the  facte  of  s  special  oa«v — truu  facta,  and 


IJ7'-] 


O08T  or  UOHTIXO. 


669 


bj*  applying  thoin  to  other  OUM  gAt  ttim  figures.  Thus  adTO- 
catea  of  dootric  lightiiig  frcquenuy  iwnrt  that  it  ia  u  dieap  or 
dieftper  tl»n  giut.    Thiii  ih  fala«,  and  j»t  it  maj  \x  tme. 

It  ia  pTvtty  Mfv  Ui  xuy  tliat  tbe  ooat  of  inoandcaoent  tight  is 
on  tliu  aTorago,  in  Encland,  hriot  that  tf  yu,  and  iik€lji  to  remam 
to.  But  if  wi>  (ttko  ouur  poiiit«  into  aooount,  damage  to  goods, 
aud  Ko  on,  {  ti;;,  it  may  bo  mnoh  dhasptr  iAum  ga*i  only  let 
people  undoratanil  what  in  mcitiit  hy  ebeapness.  Also  figures 
obtained  fnini  private  gcneraiiiiu  ought  not  to  be  applied  to 
"aapply"  current. 

i3;a  Thia  w  one  of  those  matten  in  which  "a  little  know- 
ledge is  a  dangvmtis  thing,"  $  i.  In  private  iuHtallBtioDS  an 
ini|iortaut  elemtrot  in  the  quoetion  of  oust  is  the  tiine  daring 
which  the  light  ia  to  be  employed:  the  interest  on  cnpital 
outlay,  Ac^  and  often  even  wages  for  sttvudanoe  will  be  ihe 
same  for  foo  huurs  a  year  as  fur  looo,  while  iu  many  cases  of 
faotorit«  these  would  cost  little  more  than  the  extn  foel 
GODsumed,  aud  the  value  of  the  dToaino  and  fittings.  This 
does  not  count  in  the  case  of  gas  mipplied  by  a  meter;  nor 
wuold  it  in  the  oomsponding  case  of  diittributed  electricity ; 
and  tlie  only  tme  way  to  estimate  cost  ia  to  consider  the  acitial 
omiditiona  of  eikcb  case  and  iq>ply  to  it  the  ooiiMderatione  of 
SS  ii;i-^Bud  i  1267. 

1171.  FnriKQS. — it  ia  impossible  to  describe  these:  they  are 
the  subjects  of  many  inventions,  or  at  all  eveutit,  patenta;  but 
tbey  are  really  adaptulinns,  to  the  roecdfic  purpuee,  of  well- 
known  meaun,  lulher  already  deaoribM  or  obvious  to  any  one 
skilled  in  thu  aubjeot :  tliey  are  merely  formH  of  oooneotionn, 
oovnmutalots,  &c.,  modelled  on  the  ordinary  kas  fittings,  while 
the  aupporta,  eleetrutiers,  dre.,  are  rather  matters  of  art  than  of 
aoiooce,  and  however  suitable  to  a  work  on  electric  lighting, 
would  be  out  of  place  here. 
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MtSOKLLAHBOUS. 

1 373.  Thk  ELBOTRto  TKL»iKAni.— TliiN  Kulycct  it  is  nol  aeoM- 
Bury  to  go  into  ftt  al).  «»  it  is  ciiii-nrily  Hlcetohfi'l  ip  oTerr  work 
on  cloctriirity.  ami  iiwofnl  kiiowk-dgu  o»n  bo  giron  ooiy  by 
til"  ttK;hiiioat  wirkH.  It  in  cM'snltullv  un  application  M 
jii'indjiloi  fully  nxptninod  Uiroiigliuiit  this  work,  and  reeolvH 
itsolf  into  three  ilistinct  HVKtviDi*. 

(i)  Indiratory,  »iich  nit  tliiit  i>f  tlif  neoilli-  iinttrninQnts,  wfaicfa 
(iro  to  nil  intonts  vorticnl  gailTonometora,  S  J54. 

^3)  Rtcvrdiny  or  Jlf«Jinni"«i/.— iinr.li  un  tli©  Mnree  nud  tbe 
printing  oyatvinK,  ii«  well  ok  tlioMO  ii1phi>botic«l  iustrumevis 
which  ilo  not  roconl,  but  makv  n  tumpontn-  indioktion.  All 
tbon  arv  nctiintcd  by  elect r<>-m«g»ct«  wurkiitg  or  relessi&g 
clockwork.  Sonif  of  these  ftloo  work  by  sound,  ths  lAfM  of  the 
oloctro-iuagnot  anevroting  to  tho  contacts  iiuu3«. 

(j)  Qhnmical. — Thceo  work  byolectTDly»ie,prodncinKOoIoQtwl 
mnrkii  when  current  is  pHsnod  to  tho  olectrodiMi,  one  o?  which  b 
a,  revolving  cvlindcr,  tho  other  n  point,  a  ahwt  of  Mpcr 
moititnnG(l  with  the  clcrtrolvlo  l>eiDg  iDt4)T]io§ud  aud  in,m 
Iwtwvon  tho  cylinilor  and  th«  atylo. 

Tlio  t«Icgniph  HyRtoin  is,  thoreforv,  tho  efiecling  of  cominoin 
vloctric  actions  at  nilistnncc^niKl  iit  wiioUyamatloTof  re8iBt4U)0M. 
and  ioHtrumeniB  fiUril  U^  wiirk  with  eiuiill  currsDU. 

I37J.  Duplex  Tr/cf/rop/i^.  — This,  tho  oaiiMRg  two  meoMgM  to 
be  tranxmittcd  by  oiio  wirv  in  upputito  diroctioos  at  tli«  hbhi 
tini<!,  hiis  only  bocn  |inictically  vlTuctMl  within  a  rectut  jwriod, 
though  tho  principK'K  involved  were  known  long  befunt.  It 
dep<!ii<lH  upon  a  vory  carofnl  balancing  of  reeistanoeii :  tho 
uurrentit  do  not  pOM  t«ch  olhor  at  idl,  but  if  Bi};nals  aro  mit 
iiiinHltunt'ou>ly  iho  eETect  is  that  tho  rvcoiring  iiietruuo&ts  am 
iiwlly  workod  by  the  bKttvrios  of  tboir  own  Btotiou,  not  by  tLat 
uf  tlio  (Handing  station. 

The  iniitruiueiit  io  csBoutially  iiii  oloctru-tnitKnet  wotuid  with 
two  wirM  liku  a  dinbrvntial  galvanometer,  and  acting  tijion  tbo 
Baue  priDoipIcB.  In  ono  cirouit  is  the  tine  wire,  and  in  tli* 
othor  a  rMUlanoo  oqaal  to  that  of  the  lino.    Cunrentb  aoiit  t&lo 
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this  instrument  from  its  own  end  will  tboreforo  not  ftctuute  it, 
as  they  divide  into  two  eqn«l  parts ;  but  n  cnrrcnt  cntorine  by 
iho  lino  will  actuate  it,  for  (i)  the  Htntion  its»lf  iK  not  tumding 
a  cnrrent ;  iben  the  liu«  oumnt  poasoH  through  ooa  dr«ait  to 
the  junotJoD  *ud  baok  Uiiongh  the  other,  tbron^h  «  doabl« 
leeistaDoe,  bnt  with  double  fcroe,  itnd  »o  works  the  instrument* 
in  tbewosl  way.  (i)  The  ivceivin^;  stAtion  is  aUo  sending; 
then  ooouRling  to  the  direoliou  of  the  currents,  ono  of  tlio  two 
cironits  coutnins  an  addilii^nal  or  an  opposing  K  U  F.  and  thuH 
an  extra  portion  of  the  current  enters  one  of  ihe  circuits  and 
aotnutea  itx  own  instrument.  The  two  inMrnmenU  at  oppositv 
etids  of  the  line  being  alike,  and  the  reuslances  pruporly 
bttlanoed,  the  operator  at  A  station  always  aends  hia  signau 
into  his  own  instrument,  bnt  theae  do  not  affisot  it  nnltv^  B  in 
aleo  sending  signals  into  it.  and  th«refcn«  each  operator  only  sev* 
BpOQ  his  ini^truuient  the  result  of  the  signals  transmitted  by  tho 
wwt  operator,  although  Ihoy  may  be  actually  produood  by  hia 
own  battery  set  in  motion  by  himself. 

1 374.  Is  submarine  cables,  there  is,  besides  tho  liii«-r««i«taoco^ 
the  vanishing  resistance  due  to  "  impedance,"  and  to  work  on 
tho  duplex  Byat«ni  a  tiimilar  eouditiou  must  be  produced  in  the 
et-coudary  ur  liome  oircuit.  This  is  effected  hj  Qsiug,  with 
the  resistance  equal  to  that  of  the  line,  coodenaers  equivalent 
to  the  uharge  the  oaXAa  is  capable  of  takiog  up. 

ti'J.  Quadraplex  t«lo>;raphy  isefleotdd  on  tdmtlar  priuciplos 
by  using  K  M  F's  uud  iuHtttiiueuts  actuated  by  ouly  one  of  the 
oumola  traiiamittod ;  a  low  force  being  unable  to  paaa  through 
•  Y0T7  high  reiivtauoe  tDBlnunent,  while  a  scuttll  current  under 
bi;i;h  force,  wbiob  will  actuate  this,  ia  without  efieot  upon  an 
itistrumeot  arranged  to  work  witlt  a  larger  current. 

1276.  AmMfAric  TitAsaxirrBiM- — There  have  be«u  many  forma 
patouted,  but  all  are  muditiottions  of  that  hitit  introduced  by 
Bain  to  work  his  chemical  receiving  tiutrument.  Ju  principle 
tba  traiumitter  and  receiver  are  the  same.  In  each  a  reTokiug 
drum  or  cylinder  rotates  under  a  metaltio  style :  in  the  receirer 
these  Bi«  separated  and  yet  electrically  connected  by  a  paper 
muiHti-ued  with  an  electrolyte  which  pennita  ourreut  to  paas, 
and  by  the  change  of  colour  prodnoed.  reooida  the  time  during 
which  ourront  passee.  In  the  transmitter  a  strip  or  sheet  of 
paper  is  interposed,  which  is  perforated  to  |)eriuil  the  points  to 
touch  the  cylinder,  and  allow  the  current  to  {was  at  the  proper 
times:  thus  the  marlta  ou  the  rc'C«iTing  paper  correspond  to  the 
perforations  in  the  traiuiuuttiiig  paper.  But  by  the  same  means 
any  kind  of  receiving  instruuient  can  be  worked,  ua  all  trans- 
mitting instruments  depend  upon  Ihe  making  and  breakiut^ 


UlSCELUNBOCS. 


vunuct  iu  one  or  nioro  cirvuiU  for  different  (p«duiit«d  intorrak, 
and  th«  paper  am  1)0  ttmoKod  to  offset  tliu  meohuiioally.  Is 
other  CUM  >  Hhcxit  of  metM  u  ntted,  uitber  hi  ■  cylinder  or  io  a 
flat  fonn,  and  ix  writton  upon  with  nn  iiMulating  vHniiHh.  The 
Btyle  tnveraing  over  this  nhw-t  in  a  iinooeMtoa  of  olo«o  linca 
prodnoe*  upon  a  pui>or  ut  thu  othor  Qod,  moved  with  the  aanie 
velocity,  niarka  which  reproduoo  the  original  writing  or 
dntwiDg. 

Theadtantageof  nivohunioal  timiutmiaaion  is  that  wbilo  the 
preparation  of  tha  nicwag«  tajtcn,  of  ooune,  nooh  longar  than 
the  diroot  prooeaa,  maajr  auoh  moMagw  may  be  prepar«d'  at  the 
satno  time.  But  the  actual  tramintiaaiun  along  the  win  id 
limited  only  by  the  capacity  of  tlio  receiving  apparmttia  ta 
Tocord  the  sigiinls,  so  that  one  wire  and  set  of  receiving  iniitru- 
monts  will  do  the  work  <>f  many  worked  hy  hand. 

1277.  The  pruoMB  in  also  v«ry  valtiable  m  meaBUring  exaolly 
tho  period  of  any  action,  which  rocords  itwlf  oa  a  paper  moviDg 
with  a  fixed  velocity.  TUum  the  ndatiuns  of  indaoiUK  and  io- 
daoed  curreuta  muy  htt  inadu  viaibU  U]Mn  papen  traveUiujr  aide 
by  atdOf  with  styles  oonnaotod  Io  tho  primary  oironit  and  the 
two  4nd8  of  the  secondary, 

137B.  Kugcruc  Ohoak. — la  thin  the  aooobsof  airtotJieauwral 
pipes  or  reed*  ia  controlled  by  an  olootro- magnet  aUadxitl  tii 
each,  instead  of  by  rods  and  lovers  autnated  by  tlie  preaanra  on 
tlie  keys.  Tho  koya  tlMnMelvcs  have  no  w«chanieial  work  to 
do;  they  are  Himply  "  breaks,"  and  act  by  oloaing  the  circuit  of 
a  wire  Irou  eaoh  kvy  to  ita  ocimapotiding  olcotro-magnet.  The 
worle  of  the  purformor  is  tburoforo  far  low  UbonouA,  and  his 
touch  luueli  lightonod,  while  the  keyboard,  nut  fonotog  a 
mechauicul  piirt  uf  the  instroinout,  can  be  placed  in  any  eon- 
veuiuut  ntxit,  or  in  fact,  at  any  distance  whatever  fron  th» 
munic-pcoiluoiitg  instnimeut. 

1379.  ll'an»viviiiginstrumont  isarranKadwiththe  style  and 
ounnocti:ig  wiro  for  each  key  and  stop  of  an  orgaa,  &o.,  what 
thi-  key  in  priMwod  down  a  mark  is  produced,  whioh  roootda  tXr 
actly  tile  kitid  and  duration  of  every  muiuoa]  nold  prodaoed. 
The  keyd  of  a  pianoforte,  and  indeed  of  most  iuxti-umenta,  can 
be  *u  fittod  an  to  record  the  musical  thoiighta  or  expericuents  of 
tbeooiu|)oser,or  to  exhibit  to  a  t«acher,  if  required,  the  pn^ptjw 
and  norlc  of  a  pupil  while  practising.  The  record  so  prodaoed 
would  ruaoiublo  the  perforated  papers  now  tuwd  in  antomatio 
mnsioal  iostrumoal«. 

1380.  £duoii's  MoTOGEuni. — ^I'hia  is  a  modification  of  Bain'a 
chemical  talegrapb,  based  on  the  diauovoiy  thiit  iwme  liquids 
render  the  paper  tlifftrf  when  curront  puaMM :   as  thia  implies 
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kwreiistaBoe  to«  meobanical  pull,  itenaMcs  motion  tmi  loantl 
to  be  produced  Kt »  dielaooe  witliout  the  aid  of  eleotTO-mngosU 
or  of  Aoj  uieohituiBm  ba  be  acloaied  by  the  oomot  itmlf.  m 
thu  motion  of  tlie  dram  is  prodnoed  by  me^antoal  means  at  thu 
rec^iviufi;  stntioo.    Caustic  potasb  j^rea  the  beat  results. 

Edisun'a  lond  telephone  is  based  upon  tbia  action,  and  it  was 
at  one  time  imaj^ut-d  that  an  B  M  I-  waa  set  np,  as  moiAt^nt^d 
chalk  oyliDdera  generate  current  on  b^iug  moved:  tho  n»l 
oauae  waa  the  oheiaical  action  on  the  braaa  axis  of  the  ojlindor ; 
the  points  pTcssinj;  on  the  obalk  surface  were  imm<Tdiii<oljr 
"[)olftmi.-<r  by  a  film  of  gas,  which  motion  inimediitely  nv- 
moved,  and  permitted  oorrent  to  pass. 

1181.  Elecpkic  Bells.— These  have  the  great  advantage 
over  t)ic<  old  fashioned  hiiaae  bells  that  their  vriree  ctin  be 
carried  anywhere,  and  require  nothing  beyond  support:  against 
thin  is  to  bo  act  the  maintenance  and  trouble  of  the  batt'L''ry. 
Electric  bells  very  frequently  fail  to  act,  owing  to  tho  want  of 
proper  ailjuetnunt  of  tho  meaaa  to  the  desired  eod.  Thii>  in- 
Tolvce  thri.-econ«idonktionfl:  (t)  the  aonroe  of  foroe,  the  batlery ; 
(j)  tho  conducting  wires;  (i)  tho  boll  itsolf,  and  these  are 
intcr-relatf^^d  ;  they  must  be  adjuBled  eaoh  to  the  other,  not  each 
CDiiudered  as  an  independent  matter. 

138a.  IHii-  balltrg  should  bo  one  not  needing  ninoh  looking 
after  and  not  liable  to  speedy  exhaustion.  Only  small  onrrents 
are  required  for  a  single  bcil,  therefore  small  oella  are  Buitaklu 
to  one  or  two  bells,  but  the  siie  moat  be  proportioned  to  the 
number  of  belle  likely  to  be  in  action  at  once,  and  it  is  better 
to  use  large  cells,  where  needed,  rather  thnn  several  amall 
oelts  oonplod  aa  one.  One  battery  property  adapted  will 
supply  a  large  dc<mand  on  it,  but  in  some  caM-s  it  is  better  to 
have  two  or  more  independent  batteries,  so  as  to  avoid  lone 
conducting  wires.  Tho  battery  may  be  placed  aaywhere  out  m 
the  way,  where  not  exposed  to  freezing  and  not  liable  to  lisve 
its  liqiiuln  Kpvodily  dried  up :  therefore  it  ia  best  contained  in  a 
olowm  box  of  ita  own:  grc«t  cnro  should  be  taken  also  tu 
prevent  tho  oella  ftom  getting  wet  and  setting  np  local 
oircaita.  Mnnganoae  cells  arc  generally  aaed,  and  the  "  dry 
oella,"  S  174*  are  convenient  for  private  nousea :  but  where  the 
work  is  hi'<iivy,  ohroniic  acid  colls,  of  tlie  typo  calleil  Fuller's 
are  botl<;r.  The  colU  doscribed,  §  26^,  will  eerve  where  there 
is  not  u  )i<utvy  call,  but  M  tb^  must  be  exposed  to  the  air,  tliey 
will  twiuire  oceanionnl  ntteutiun  by  supphing  Ireeh  water  to 
com ]>oii unto  for  cvnporation.  Whichoror  lutiery  is  used,  tlw 
number  of  cells  in  twriea  mnat  be  ancb  aa  will,  after  being  short 
circuited  for  a  minute,  frocly  work  a  bell  through  the  circuit 
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and  it  M  wiao  to  nw  ft  cell  more  Uihd  »  reciuinxl,  rathor  tfau 
risk  failiiro. 

1383.  Thio  etmdueion  in«y  generally  be  No.  20  wir«,  bat 
larger  is  jireforal'ln.  It  ih  iiMscMAty  for  citi«  of  tliu  wires  to  l« 
(lerfcctly  iiiHnliitiMl ;  it  io  l>ult(.-r  for  tlitnii  both  to  b«  so,  in  cms 
of  nociilont ;  but  if  oiiu  in  [lerfoct  in  tliis  rvii|<r>ct,  thu  other  tu*y 
be  A  nakoil  wirv,  led  anywhi^ru  an<l  iilujilml  to  tlio  waU.  Bal 
wh«r«  it  ■■  itiloniled  to  nvu  tulc^phoiioH,  whii'li  will  ccrtAinlT 
oome  into  ^pntuml  tun  by  iind  by.  it  is  iiii]Mjrbiiit  to  have  tba 
two  wire*  Nidu  by  hiiIo  to  nvoid  luiluclioii,  aihI  Imtli  insulnled. 
A  coDTvtiiviit  wire  for  thtaw  purptitiun  ix  tiiiulu  with  a  \ti,  10 
oovored  win;,  and  a  No.  18  bure  wiie  ptiuod  nidu  by  aide,  ooj 
oovvred  with  uotlou  ua  one ;  thiH,  beiiij;  [iu»»>cl  through  indteJ 
oxolcorit  M|i1)ulto,  is  rery  fklrly  prutM.'ti.'d  agkinftt  dainp,  aaJ 
may  bu  necurul  to  the  ]iU»UTt.'d  wiiUb  by  ataplM.  A  tiettar 
plan  in  to  Ivl  into  Ute  plaster  tbu  xinc  tuU-M  uhv^  for  hell  wirw 
gmd  draw  tlie  conductora  tlinnigli  tills,  und  iiiuluilily  the  uiwt 
porfoot  plau,  wbere  convenient,  in  tu  carry  Much  tubiM  Btru|;bl 
tip  the  w*lU  into  the  roof,  from  each  net  of  nxioM,  ao  that  any 
deiured  coDueolion  oun  \m  mude,  ut  ituy  time,  by  laokin;;  wira 
along  tlie  rallera  fnuu  tube  to  tube.  In  this  way  a  complete 
tiyatein  of  bell  and  telephone  coniuuuioation  oould  easily  lie 
urruDgod,  and  if  dmirod,  oJovIim,  in  the  diflvrent  rooms,  uuald 
all  bo  worked  froiu  one  driving  clock  in  the  ball  or  alMwheio, 

■  1S4.  Double  wire  i«  not  alwayM  dcunrable  for  wudl  a  oinmit, 
intendeil  to  include  wivernl  inKlninmiitii^  iis  the  wire  may  Imt* 
one  pole  of  the  batiery  and  truvel  ningly  ull  tbrungh  the  oiroait, 
returning  to  the  other  pole.  In  fact  the  circuit  must  W 
arranged  to  nuil  itd  puriHBe :  and  in  such  n  heii<o  Bysteiu  a* 
referred  to,  it  would  be  unwise  to  attempt  to  muke  one  oircuit 
■erve  too  many  purpoMe;  it  would  prolablylM  liettcr  to  provide 
a  ooinmiiu  "  return  "  circuit  of  a  Htout  wire,  connootod  to  tha 
negative  pole  of  all  the  butteriee,  if  more  than  one  were  uwed, 
and  then  carry  insulated  wires,  lui  nqTiireil,  to  ounatitute  the 
indci>endent  oircuita.  Thiiae  who  have  otiidied  the  )iriuci|))«e 
explaiued  in  other  parte  of  thi*  l>oek,  will  luivu  no  diHiLuIty  to 
doing  this  pro^ierly. 

1385.  An  exBtn]>le  or  two  may,  however,  aa^iat  Momo,  aud  tlie 
connwtiutia  of  an  anntmciator  ayatem  will  aerve  the  pnrpoae. 
Let  UH  suppose  that  fh>m  every  room  in  a  hoiiae  it  ia  desired  to 
communicate  with  the  kitchen.  A  i-ingle  "  return,"  or  as  it  ia 
oommouly  called  "earth,"  wire  should  be  oonuM-totl  to  the  diw 
of  tlw  battery,  and  then  either  traverse  idl  tlie  rooma,  or  paaa 
fVotD  floor  tu  tloLir  with  brunofaea  from  it  intu  each  room:  a 
wire  should  oonneot  the  -f-  pole  of  battery  to  one  terminal  of 


die  bell  in  the  kitobeo ;  the  uther  terminal  would  then  be 
ooDiiecled  u>  the  annunoiator  or  indicator  qratem  by  ^  yin 
wbioh  would  there  be  sepanted  into  aa  many  inaiB|>endeBt 
wires  aa  there  are  aignat-marMts,  ooe  terminal  oi  each  of  theae 
being  pcmwnently  conneoted  in  this  manner  to  the  bell :  uuw 
an  tnd«pendeDt  wire  from  the  other  end  of  Uic  projier  sif^nul- 
raagnet  to  it*  own  pmptT  room  will  complete  the  ayBtem. 

The  mof^et  aotuat«d  from  any  room,  releasee  an  arm  and 
allovra  a  diak  to  droj)  which  unoorers  the  name  or  number  <»f 
thfi  room  and  loaree  it  ao  uutil  the  attendant  has  aeeu  il  and  by 
|iulliiis  a  atriii|;  returned  it  to  i<8  plaoo,  when  it  is  held  up  by 
a  catch  utiauhtil  lo  the  armature. 

1186.  The  betl  itttclf  is  subject  to  one  principle  of  oouatrut^ 
tion  I  it  T«(iuirca  a  a]ii!ciflc  amount  of  mecba&ioal  energy,  wUvh 
will  depend  on  the  volume  of  sound  deeired,  and  on  tbeetiengrh 
of  the  spring  and  the  majniet  which  strikes  tho  blow.  The 
electro- magnet  requires  to  oe  so  proportioned  as  to  supply  this 
«a»Tgy,  i  9S).  Now  this  involves  the  adjustment  of  its  wire  to 
the  battery :  the  enei^  may  be  obtained  by  a  stout  wire  with 
few  lurus,  acted  on  by  a  battery  ^ving  a  sufbcieiit  onrrent  with 
a  hiw  E  M  F,  that  is  from  one  oeU,  or  it  may  be  derived  from  a 
Cnu  wire  of  miitiy  turuM,  reoeiviug  a  small  current  from  a 
batturj- capuhte  of  forcing  it  through  the  oircuit.  People  who 
do  Dot  undi-r^tand  tho  tiriiioiplea  appear  to  expect  that  any 
battery  is  to  work  iiuy  tiell,  aud  if  it  dow  not,  they  complain 
of  iiunerfwtion  and  lailuie;  but  the  bilore  la  \a  their  not 
properly  ailjiiating  the  nieunn  to  the  end.    See  |j  99O-996, 

liSy.  Ek'otrio  bells  are  made  on  two  principles,  nafpie  itrols 
aiid  vilratiHg,  arid  tlioy  are  made  and  Kild  so  cheaply  that  they 
vriU  hardly  jhiv  any  one  to  make  for  themselves,  "^te  almplest 
ooQstnictiou,  lor  a  bell  to  bang  against  a  wall,  oonaiata  of  a 
piece  of  wood  wiili  a  pillar  and  aorew  to  carry  the  bell :  beyond 
this  the  horse-aiiue  magnet  m^  be  attached,  by  means  of  a 
Uook  of  wood  glue<l  ou  the  base^  so  as  to  go  between  the  arms, 
and  a  thin  piece  of  wood  crossing  the  magnet  and  tightoned 
down  n[>ou  it  by  a  wood^^orew,  A  metal  atom  jnat  beyond  the 
mattnt-t  cairiea  a  Sfirlng  to  wfaioh  the  aruiature  is  attached, 
atljniitod  no  as  lo  play  over  the  iec[Uired  space  to  give  the 
stroke.  The  hammer  Is  carried  on  a  strip  of  elastio  metal 
attached  to  the  urmature,  and  ao  adjusted  iliat  when  at  rest 
against  tho  magni-l  tho  tiiimmer  is  just  clear  of  the  bell:  the 
actual  blow  in  given  Hhar]>ly,  by  the  momentum  given  to  the 
hamuitir  ovt^rconiing  the  spring  of  its  support.  The  distinction 
between  tho  two  kinds  of  nell  commences liere. 

(i)  ^  tingle  tirolu  beO  aol»  by  the  conuectioas  to  the  two 
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oiiviut  wirea  beinif  mtde  diroot  to  th«  two  ends  of  tbo  electro 
magnttt  wire.  l*he  stroke  is  mad*  oh  ortun  ae  recioirsd  t^  Um 
penoD  Mtnfttlof:  the  bell. 

(2)  A  vibrating  beU  has  a  bnmk  nmilar  to  that  of  an  ijidao- 
tiaa  ooil,  {  1151.  The  circnit  Js  made  from  one  wiro  t»  one  eod 
of  the  RingBot-wire.  the  other  end  of  which  is  attached  to  tlw 
pilUr  wliiuli  carries  the  armatora.  The  otlier  circuit  irira  ii 
oonneoted  to  another  pillar  cuiTtng  a  epriog,  the  end  of  whidk 
oarriea  a  platinnm  point  facing  a  piece  of  platinam  on  tli« 
amiatnre.  the  distaDoea  being  »o  adjneted  iw  to  produce  lli» 
deaiwd  rate  of  vibration  and  length  of  stroke ;  the  oliJMt  of  tb« 
Rpriug  ia  to  niaintain  tbo  contact  lose  enough  to  seotira  the  AiD 
luagnettsdi  being  attained.  Tbew  oelU  continue  striking  ai 
long  aa  th«  circuit  is  cloned  at  the  oth«r  pnd. 

1 36S.  Puthes  are  contact  ninltora,  which  may  be  of  any  eOD- 
Tenientoonetmction.  The  ornnmentaJ  ones  made  for  sale  oonntt 
of  a  pieo'.'  of  bard  wboot  metal  which  ie  cut  into  a  spiral  with  a 
plate  iu  the  middle,  which,  when  prciwxl  down,  toDchos  a  plate 
to  which  one  wire  is  attached,  wliilu  the  other  is  att^che^  to  the 
spiral  itself :  a  loo«o  plug  rewt*  on  tho  out«r  side  of  the  plate 
and  pasBOH  through  a  holu  in  tlic  cap  which  screws  down  on  the 
base,  aftei'  it  is  fixed  in  itii  plaou  by  sorows  passing  through  It, 
and  holds  all  in  position. 

1 339.  Tieo  pieces  of  metal  insulated  from  each  other,  may  act  by 
being  prcsMed  together  at.  their  ends,  and  this  is  tlie  boat  til/- 
aetitiy  dreuit'ctngfT  that  can  be  fitted  to  doors  and  windows  Ie 
ring  wben  tliey  are  ojicnod  or  shnt  as  dcsirod,  acoordiug  to  the 
podtioD  in  which  they  sre  plsood.  I>eing  let  into  the  wood  with 
the  one  plate  projecting  sufficient  for  the  purpose :  thos,  at  a 
door,  if  to  ring  when  snttt,  they  should  be  lot  into  the  slop 
against  which  it  clnscv.  or  behind  the  back  of  the  door ;  if  to 
ring  when  opened,  tbcy  Kbmild  bo  over  it  and  standing  out,  with 
the  outer  end  prtilungcd  and  turned  back  so  aa  to  reoaive  the 
door  again  ns  it  clusf^s. 

Those  mako  tho  beat  of  hurglar  alarm*  if  fitted  >n  the  floor,  in 
likely  plaoaa,  under  the  oariKit,  tho  oirauit  of  tho  whole  being 
closed  ny  one  oonneetion  when  frmtcning  xi'p  for  thenighu 

1290.  Towotfeta  wiholt  ftouirc,  xuch  a  pair  should  l>o  fitted  lo 
every  dwirea  point,  with  a  biittcn,-  and  bell  in  the  siKit  where  ttia 
alarm  is  deairvd,  and  u  awil^ih  to  turn  it  off  whou  not  reqnired. 
The  rosistaticc  xliould  l>e  largo  and  the  alarm  made  ucooTdingly. 
because  a  conKtAiit  ourront  will  be  passing;  the  alarm  should 
not  ring  the  l<ell  itai'lf  but  act  aa  a  rtlay;  that  is,  its  armature 
should  be  hold  to  the  magnuL,  and  when  not  so  hrld  will  oloe9  a 
oirouil  from  the  battery  to  tho  bell  by  springing  baok  againat  a 
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Btop.  Now  when  tto  placo  is  sliut  tip,  tlw  obsorvor  will  twra 
his  switch  on,  and  if  k11  in  right,  thu  annAtun)  will  ho  at  onoo 
drawn  np  to  tho  niagnot,  atiid  tbon  tho  boll  ntn  bo  turnod  on, 
unless  the  switch  is  modo  to  oloao  tho  two  circuits  »t  ono  action. 
If  by  any  negUgenoe  any  plaoo  is  left  niif^itt«n(«).  tho  boll  will 
ring  and  give  wunimg,  and  will  do  so  at  any  tiiuo  should  a  door 
or  window  bo  opoiMd.  Of  ourso  1^  the  mora  oomplox  syittoni 
of}  iiSj  the  apparatus  would  st  onoo  indioato  st  what  point  to 
look  for  the  delect,  or  a  local  alarm  would  alno  act. 

1191,  Smlehe*  are  instmuonta  for  directing  current  to  ono  of 
eevoral  instruments.  For  oxperimantal  purpotMM,  nothine  is 
better  than  a  piece  of  wood  with  aholo  in  Uio  middle,  and  a  nng 
of  equidiatAiit  hotoa  to  contain  iQcrcnry:  a  bent  wire  conni^cta 
the  re(]nired  bole  to  ihe  circuit,  and  wires  from  «ach  instruniont 
may  dip  in  the  Boparate  cups:  such  a  switoh  is  shown  Fig,  4), 
S  361.  A  more  etaboruto  instrument  may  bo  made  of  a  block 
of  wood,  with  a  pair  of  bindiog-scrows  for  each  instrnmeDt,and 
a  pair  for  the  batteiy ;  ono  of  thcvo  last  is  connected  to  ono  of 
each  of  the  other  pairs ;  tho  other  battorr  screw  is  connoclcd  to 
tho  central  point;  thta  may  be  a  ptUar  with  a  spring  travorsing 
a  aeriea  of  blocks  connected  each  to  its  proper  acrow,  or  it  may 
be  a  bluok  of  brans  surrounded  with  a  nng  of  Bef:;mcnt8  aa 
deticribcd  g  4J7.  Fig.  45.  An  efficient  rough  ioBtrumtint  can  bo 
made  with  round-beaded  brue  soiewa,  the  central  point  being  a 
aimilar  screw  passing  through  two  (trass  waahen  witii  the 
spring  between  them ;  the  leading  wiree  can  be  aoldeted  to  tho 
eorewfi  ou  tlie  under  side,  or  to  pUtee  of  copper  either  below  or 
oti  the  face,  to  which  the  screws  make  contact. 

1393.  Compound  SieiUheM, — Where  it  is  required  to  be  able  to 
connect  any  one  of  several  dronita  to  any  one  of  several  others 
(as  in  telephouic  exchanges),  a  Sexiblo  conductor  with  a  plug 
at  each  end  cau  be  ntcd ;  for  a  moderate  nnmbor,  the  aimpleet 
plan  is  to  arrange  a  set  of  metal  strips  on  a  board,  with  a  second 
Het  crossing  thorn,  but  not  in  contact ;  holes  are  bored  at  each 
oroning  so  that  a  split  plug  can  be  passed  through  aud  make 
oonnectioti. 

Kow-A-days  switdies  of  all  kinds  are  arliclea  of  oommeroe, 
almost  to  be  obtained  at  an  ironmongers,  bm  the  above  descrip- 
tions will  be  of  use  to  tboae  who  wish  to  make  their  own  appU- 
anoes. 

119}.  Telefuony. —  Until  recent  times  it  was  believed  that 
the  prodaotion  of  articulate  speech  reqnirod  a  oomplez organism ; 
yet  every  echo  taught  tho  contrary.  However,  nutil  speech 
actually  issued  from  the  diaphragm  of  tho  telephone,  people 
a?erlo(^ed  the  fact,  that  ovury  sound,  in  oroesuig   space,  is 
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resoWctl  iuto  inVafi'oM  of  tl«  on-,  aod  that  tliu  (irwlaction  of 
Bound,  musical  or  articulate,  only  rsqaires  an  initial  uotion 
which  can  aet  up  thono  Tilirtttoim.  An  «aht>  Ig  duo  to  a  surfaoe 
which  receives  and  roftoota  or  ruprudooM  vibntUouB  in  iha  ail. 
If  we  hold  a  sheot  of  atilf  iiaiwr  in  tho  hutid  we  feel  it 
treiabling  in  answer 
if  analysed,  ropreeent 
reproduce  it. 

A  strained  dtitptiragm  Muoh  u  •  tambourino,  aoawers  oven 
uore  perfectly  than  tho  Dhcct  of  paper,  and  piovos  that  urtiia- 
late  speech  can  bo  prodtiood  by  a  mechanical  vibration.  It  can 
even  traiisUtc  the  vibration  into  a  visible  rvoord,  wbJoh  «■* 
done  by  Youiij;  in  1807. 

1 294.  Scott's  Pkonaatoya^  i»  the  bcvt  known  instrutnont  fur 
the  purpose;  it  is  b  lorgo  onne  to  collect  the  souuil,  with  * 
diaphrai^  ocrou  its  baie;  to  tho  middle  of  this  diujilintgai  la 
attached  a  point  which  recta  lightly  against  a  cyliuder  ourered 
with  a  layer  of  smokis  which  being  tnmed,  rct-onls  the  i«»un<i  m 
a  series  of  undulating  nutricM ;  each  sound  haviii];  itn  own 
specillo  form. 

[  195.  The  ttring  Ivlcphone  carrioi  the  prindplo  ono  slnKo  fnrlhor. 
Thouirh  introduoed  as  a  common  toy  stiico  the  dismvery  of  the 
eleutno  telephone,  it  lou^  antedates  it  in  practioal  use ;  unknown 
to  ooienoe,  it  had  been  invented  ages  ago  by  the  ChinMo,  wa« 
wind  by  tho  natives  of  Ceylon,  and  has  even  been  employed 
by  Kiiglinh  uiboollioys  for  purposes  of  euneptitioiu  !nti<risiiii- 
niuuiuatiuu.  It  consists  simply  of  a  small  tambonriue  (Ninnected 
by  u strained  string  toanotfter  tambourino,  each  fltte<t  with  tho 
ooneof  thu|ihuuuiitoKi-aph:  it  is.  in  fact,  a  phun autograph  wbieh, 
inslaod  of  moving  a  puint  and  tracing  a  linu,  uiuven  u  ntriiig, 
and  thitiugh  it  a  second  reToreod  pbonautogntpb,  which  ropro- 
ducM  th>.>  original  sounds. 

1395.  £iJtin>n'*  PAuni^riipt  carriea  OS  another  sUge ;  it  ih  the 
phciimut'ii^mph  again,  but  the  am(Aed  oyliuder  is  tvploued  by  a 
grooTi)  covered  wiih  tin  foil  which  records  the  mutiou  of  the 
Htyli}  of  the  vibrating  diaphragm,  in  waves,  nut  only  in 
Due  direction,  as  a  sinuous  line,  but  in  all  directioos,  aa 
a  waving  groove.  Like  the  string  telephone  it  sets  a  aueond 
diaphragm  in  motion  (or  its  own)  by  tho  point  actuated  by  this 
groove;  oonsoiiiieiitly  it  is  able  to  effect  this  leproduetJou,  not 
at  the  monent,  but  at  any  time  and  as  often  as  is  reijuired,  prt^ 
rided  means  are  employed  to  transform  the  soft  tin  foil  iutu  a 
more  euduritig  subotanco. 

in  the  improved  instmment  a  cylinder  of  a  wax  composition 
roplaooe  the  tin  foil,  and  instead  of  the  heavy  diaphragms  at 
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finit  tincl,  Ihure  &rQ  vety  Bmall  onoe,  And  iha  iuxtniment  ia 
gunumlly  fitt«d  wiUi  two  ear  tnbefl. 

1197,  Trk  Tblefboxs. — Thia  inatmineat  bas  come  iuto  prac* 
ticti  two  Ktiaoiit  from  the  day  of  iCa  firat  raal  intixidaoiioii,  uid 
aclilco  inuit  inventions  was  poifek-tod  at  onoe:  but  tbid  only 
appltM  to  tbo  actual  instrameDt — to  Boll'a  t«Iepbonei,  wbiob  not- 
withatsJidiug  nnineroua  olaimaota  to  improTOiociit,  nmaina  the 
beet  Fur  general  uae.  It  is  not  intended  hero  to  enter  into  «u 
QxamiMuon  of  the  various  claims  tu  ibe  origination  of  the  tele- 
phone bovood  the  remark  tliat  it  h  ptelty  oUar  that  Rdaa  fully 
conceirud  tlie  idea,  and  made  a  working  apparstns  whieb,  if 
not  pcrftxt,  only  required  a  little  use  to  malie  it  ao ;  bot  bia 
id1.11  rcniftiiiod  fruitlees,  thouftb  it  may  proltably  bare  been  the 
gonn  from  whit^b  the  later  euMoaal'ul  instrument  waa  derived. 
Tliero  art)  many  people  who,  doiuj;  little  tbemadreB  for  tho 
world,  appear  to  find  a  pleaatire  in  fancying  they  diminiah  the 
credit  of  u  sDooeeBfU  worker,  by  pointing  out  that  same  one  had 
antictjiated  him,  and  the  vsgnest  intiraation  of  the  poaaibility 
(if  Mumc tiling;  l^inff  done,  is  qnit«  eDOUsb  for  the«e  people.  Ou 
tb«  otliiT  band,  an  idea  once  publifibed  and  lieoome  as  it  were 
publii;  proiiorty,  beeomc«  a  a«ed  wbieh  gcniiiiiatfts  in  another 
mind,  un<l  tbut  mind  perfecta  it,  poeaibtv  without  nn  idea  t*  to 
wh(!nc«  tli«  fertile  softgualiou  waa  denvt-d,  and  without  thia 
origin  in  the  letut  diminiahing  the  merit  of  Ibe  pi-nion  who  hna 
nltlnuitaly  brought  the  idea  to  oom|detion. 

1198.  The  telephone  ia  olainied  aa  a  French  inrention  (moKt 
;b  arc),  made  by  M.  Oharlea  Bontseul  in  1854.  It  uppean 
he  stated  that  aa  eleotro-ra^jpteta  oould  be  made,  and  as 

Mounds  are  Tirtually  air  Tibratiun*,  a  flexible  metallio  plat* 
ooold  reproduoe  the  vibrationa.  and  if  the  pUte  "  cuuld  bo  uon- 
neoted  with  an  oltfCtric  current  iu  such  a  manner  aa  to  alter- 
nately interrupt  and  cloee  a  circnil,  it  would  l>e  popsible  to 
electricnlly  affect  a  similar  motal  plate  so  aa  to  repeal  the 
vibrations  of  iho  Bret  plate," 

Evidently  M.  Boureoul  mw  that  something  miykl  6«  dome,  but 

eridently  he  did  uot  m«  ktne  to  do  it,  and  that  la  what 

^invention  means.    Thorn  who  ultimately  did  it  found  that  this 

'notion  of  interruption  of  the  circuit  ia  just  what  wlU  uot  do 

wbat  ia  ncooasary. 

1 194.  It  is  light  toreoo^izo  the  fact  that  Reiss  really  brought 

the  telepltone  near  purfoction,  and  I>rof.  6\l.  Thompson  baa  dune 

good  work  in  domonstrating  the  fact;  nor  is  it  unlikely  that 

t^«  work  of  Boiss  directly  or  indirectly  inflaeuoed  the  mind  of 

^Kuany  people,  and  among  them  that  of  licit  while  working  out 

^■tbe  mbject     Unt  wo  mast  rMCuniisc  that  Dell  <fid  uwrit  r/  Mil, 
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Mid  ifl  iU  leeitiliuto  iDrontor.  Kqtinll;  ccrtaiu  is  it  that  the 
ooii)|>)utiun  of  the  practical  ayst«in  of  telepiwaj  ui  duo  to  ProC 
Hiitflien,  whoae  microphone, /r0e{y  ^'hm  la  lA«  itorld,  in  the  buii 
of  UkA  Dumorotis  p«t«nta  and  so  called  iDT«Dtioiui  for  the  truu- 
uiitting  part  of  the  s}'BleiD. 

I  }oo.  Oraj^t  Harmonie  TtUgraph,  and  other  similar  inventions, 
wtiTA  a  natural  startiug-poiiit ;  they  tiansmiltad  musical  ntrtM, 
and  Duuiy  important  iu«8  coutd  be  made  of  tliota  which 
epoce  will  uut  allow  ua  to  enter  upon  :  bnt  musicKl  notes  and 
articulate  ejieeolt  have  a  fnudameutal  diotinotioa.  Huncal 
notes,  I  I  i&j,  may  be  produced  by  an  even  sucoeMion  of  inde- 
|)endeiit  ittipuUes,  as  in  the«ir«n;  iu  fact  a  oard  drawn  along  dH 
teeth  of  a  line  6aw  will  produce  a  note  vaiying  with  the  lataH 
which  itiadrawn:  therefore  an  eleotio-maeDeC armatare  wonU 
reprodnee  such  not«B  at  a  distanee.  But  the  production  of 
apeooh  nMjuireH  a  corrent  uot  broken,  but  raiyin);  in  f^uaiititv. 
or  whiit  in  called  an  undutat&rg  current:  to  pn>dui;o  tiiia,  dm 
cirouit  must  nut  be  broken  altogether,  bat  one  of  two  variations 
way  be  emplo^'i'd. 

{t)  The  actmf;  eUetTomotive  for<t  may  be  varied. 

(a)  The  rtriBtance  of  tho  circuit  may  be  varied. 

The  first  is  the  principle  of  the  Bell  telephone  naed  as  a 
transjnitler :  the  sooond  ia  the  principle  uf  the  miorophona  and 
ita  d«rivativee. 

1301.  The  fundamental  fiuit  underlying  the  talopbono  an 
thoM  studied  ||  535  and  1141. 

(1)  When  a  piece  of  iron  is  moved  in  a  magaoti«  field,  it 
disturbs  the  molecular  magnetic  balance  of  the  magnet  on  whi^ 
that  field  depends :  in  otlier  words,  the  approach  of  a  piooe  of 
iron  to  a  permanent  nia^oot  causee  a  change  in  the  lutamal 
moleciilar  eunntitulion  of  the  magnet  itself,  $  101 1. 

(1)  When  this  maguetio  balance  is  disturbed,  an  E  U  P  is  avt 
np  in  a  wire  ooil  surrounding  the  magnet,  which  will  produce  a 
current,  i  icoS. 

(})  When  a  uurrent  is  prodtioed  in  each  a  coil  by  an  external 
E  M  F  it  aH'fcita  the  molecular  constitution  uf  tlw  containod 
magnet,  aud  ailso  modifies  the  whole  field. 

i}oi.  Theyfrit  and  typical  telephone  system  oannitodof  two 
such  similar  majrnets  whoee  annature  was  a  flaxibto  imu  diso : 
tlio  iinpuIii«H  of  the  sound  waves  move  the  reoetving  diso ;  the 
motion  variiix  thu  msftnetisin,  sots  up  a  risiog  and  falung  E  M  F, 
and  sends  an  undulutmg  current  to  the  aeooud  or  spuaking  tele- 
phono.  Here  the  same  pht-uomena  are  prodnotd  in  a  revone 
order,  and  motions  set  up  in  the  disc  which  reproduce  the 
Bounds  by  whioh  the  first  disc  wua  moved.     But  the  agent  is 
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"euergjr"  pttmine  throtiffh  r  cj-oU  of  changon  u  in  £  677,  and 
the  motions  wlikn  giv«  the  wrund  are  oomplax,  §  1 1 1 1. 

I  JO).  The  atrrtnU  of  Ihf  (ttt^»cn»  *n  exceedingly  nmnll 
becAiue  they  are  Tvlatoc!  to  tfao  oiurgy  expended  upon  the  din> 
in  TibntJon,  §  £41,  and  thU  distributed  otbt  a  oiroiiit  of  eon- 
sidemhtv  Tcnstanoe:  an  ordinary  galvanometer  will  not  whovr 
thiTii)  iM-oaoso  they  are  of  ueceMity  alternating  frnni  iimtAnt  to 
iiintiuit:  but  thvir  cxii>U'n«o  m^y  I10  proved  upon  a  iu'n*itive 
galvanomoter  by  Ilahtlv  pnMwing  tho  diifc  when  a  current  in 
one  direction  will  be  anown,  rovoreed  when  the  prteniiru  is 
rcmovL-d,  Mr.  Precoe  Mtitnalce  tliat  a  cnrront  of  ainpdro  10'" 
(k  million  mtllioutb)  is  able  to  produce  an  audible  Hound.  On« 
conituqiiencu  of  the  exoumling  SDullnees  of  tho  acting  E  M  F  in 
that  UTUn  impurfect  inaulation  will  not  dontrvy  the  luition,  for 
t«lephunee  have  been  worked  by  naked  wireH  lying  on  tho 
ground.  T^e  two  lino*  of  a  railroad  have  even  iK-en  uKcd  a«  the 
circuit  for  a  distanoe  ofauvem)  milea. 

1 304.  Salleri/  Current*  were  at  fimt  ompU^od  by  Prof.  Bell,  aa 
by  all  bifl  p^ude(;veson^  to  uotunte  oleotnvmaKDKta  forming  part 
of  ihu  circuit,  while  a  "  pdiirizrd  annatore,  L  0.  a  permanent 
Bonnet  attached  to  the  vibratiDg  diaphragm,  by  its  motions 
vaned  tho  magnetio  intensity  of  Uui  eloctro-magneti  and  by  itit 
naction  altered  tho  rata  of  current  pBMing,  which  therefore 
became  an  undulating  but  uninterrupted  cnrront. 

[)o;.  Tho  next  stop,  a  simple  and  natural  one  when  it  waa 
found  how  siunll  a  current  would  suffice,  was  to  nit  out  tliu 
battery  and  interchange  tba  oon  and  armature,  using  a  |)or- 
nanent  magnet  core,  wboee  magnetic  intensity  wna  varied  by 
the  motion  of  tbe  soft  iron  aimatane,  which,  being  a  diM  of 
mnch  greater  diameter,  collecta  the  lines  of  force  from  llio  other 

Bile  of  the  bar.  This  idea  appc«re  to  have  oocurred  to  Prof, 
albear  about  tho  aame  time  as  to  l*rof.  U«U.  Hut  oh  a  matter 
of  principle  the  difleronoe  is  slight ;  it  la  monly  a  matter  of 
venienceand  eiponditure,  and  the  introduction  of  thn  micro- 
^  no  wlli(^h  rci]U(rDa  an  external  <Tun'ont,  line  mode  the  iwe  of 
^oetro  or  pemtanont  magnet*  a  matter  of  indiffurcnoe,  cxcupt  as 
to  tbe  relative  importenoo  of  cost  and  tho  greater  power  of  tlie 
electro-magnet,  llie  regular  currant  iiassing  playa  nu  (wrt  iu 
tranenuMion,  it  simply  magnetizes  tho  core ;  it  ia  tho  ran'olini 
of  the  onrrcnt  which  do€<B  the  required  work,  and  tha  undulating 
ourront  derived  from  tlie  pennanont  magnet  in  the  djuivalent  of 
that  variation.  The  nuupiet  ia  frequently  fitted  wiUi  a  soft 
irou  end  upon  which  we  cnrrait  acts,  because  it  ia  more 
itive  to  ohangee,  as  in  fttxo  exploden,  Ao.,  S  101 1.  while  the 
ooneentnMd  at  tbe  end  for  the  reaeoos  given,  {  981. 
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IJO&.  OoKsmccnoH. — This  will  bo  undotstood  by  aid  of  Fiji. 
loS ;  tho  mMDet  II  is  &  rod  of  good  mwl  higUy  mBgnvtlMd,  rt 
jDAy  bo  ij  mohc*  Iook  by  J  inch  ilinmc-bir,  and  U  nbovni  M 
fitted  wiiti  ftoft  iron  poTe-pioco.  It  6t«  in  the  oontni)  talx*  of  tin 
wooden  coning  W,  ft»d  is  providod  witb  a  aerfw  S  to  itdjuot  ill 
dtstanco  from  the  diaphr«em  I>.  On  the  nnd  of  tlw  Ixir  li 
pluod  th«r««lC, which  majM  i|  incbindiainiTti^r  tritJi  k  apM* 
of  3  inob,  to  oontein  tho  mTv,  tb«  tat»  of  which  Rhoald  fa* 
adapted  to  iko  ruutanoe  of  the  ctrcnit, };  ff^v^f  buiiig  tbo  tiuKl 

nenlly  UHeful :  the  etid«  of  tho  wire  nnt  cwrrivd  down  throu^ 
W  in  tbft  wood  to  Urn  terminal  iicr«wn  +  and  — . 

1107.  Thv  diaphragm  or  due  i»  OStMOr 
niMo  of  f<Tm>tyi<o  pule  out  to  n  2'ittA 
circlv,  with  gfMt  care  not  to  liticklc  nr 
distort  it  in  nnjr  way.fijoo;  it  Hhinitd 
bci  held  I7  II  narrow  circle  of  itidia- 
mbbcr  or  Bofl  ii*per«boTe  and  li«low 
it.  to  dndoD  tbe  natural  vibmtioo  of 
the  plate  M  a  whole, '  as  this  oanm 
most  of  tho  defoctfl  of  the  tolvphuoie 
vnniidm  and  thdr  special  "  twang " ; 
tho  fundauontal  note  of  tho  diaphr^m 
ildclf  keeping  ap  n  coniitant  acoompaui- 
nipnt  to  tho  inducod  vibtntiotia. 

The  moulh-piftv  is  a  oep  with  n  con- 
ical HpiKM  onditig  in  an  o)H-Miiig  of  half 
an  inch,  so  us  to  citUrct  llio  wunnd  wutm 
and  deliver  them  dirudl  u]K>n  tl)o  ooutre 
of  the  disc. 

i)08.  The  $j>ace  bttwtm  (As  dtse  and  tho  opitotiiis  surfaoos 
should  b<)  no  jc^^ttLT  than  juKt  sufHciont  for  the  pMij  of  the 
diaplirn^iu  ;  thia  obvintce  tho  distiirbunco  by  romnanco  in 
iijipur  npiKw  Olid  facilitates  induction  betwMin  iltu  disc  and 
wir(%  wliicli  sjipoarM  to  play  «n  imrorlant  mrt  in  tlj«  aotic  . 
$  ijiT-  Fur  lliin  rMMOD  the  slightly  roiindu<l  evA  of  the  bar 
slioula  <iiily  jimt  i>rt>jix't  boyoiid  tlie  bobbin  and  shuuld  Im}  broiij  ~ 
as  iioar  to  ihe  diw.'  &«  is  sufBoieDt  to  avoid  any  omitiiot :  t 
udjiiiitm«nt  it)  Uwt  cflootiid  while  anotoissounili-U  in  thoiiwtT, 
uii^ni  from  nnautomatio  break,  m  as  to  pumivo  thu  exact  poii 
at  whioli  tho  boHt  n«ult  is  obtained. 

ijoo.  The  Oower  Uleph'>M  u«ed  liy  tlio  ]>o«l  office  coiwbts  of 
a  tiAxi  horavohuo  magnet  plaood  parsllel  with  the  diapbnpa, 
with  two  noft  iron  pol^pieow  projecting  fVom  ito  [tolnr  fiMJW 
each  fitted  with  (Miilx :  the  offeot  is  that  tin-  iiim  diBphnt|;m  takea 
np  Ihti  whul<^  uf  thv  liold,  whi<h  in  the  Boll  fvrm,  as  in  Fig.  1 19. 
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ntdiiktc*  over  tho  diupbiiij^ra  ami  Ihrougli  LliG  uir  to  tha  diaUiil 
«nd.  It  iroTiId  nppvar  that  Uiiit  sliould  Du  ati  tulvantagu,  wul  it 
M  found  praotinall}'  thikt  tUin  in  n  Itishly  «fIieiiMit  iuHtruiuenl. 

1310.  UtliOTH  have  nitni^  ul  n  ifimilnr  r««uU  bv  vnuloslng  iho 
JDHtrumoiit  in  u  oylindor  of  iron,  ot  witli  iron  wirw,  clMiiiig  tho 
mngnutio  circuit  from  thu  dintant  polo  to  tha  ciroiiiufvirvnoo  uf 
iho  di«phngiQ. 

Somo  invonton  hjive  attnohed  tlio  mft  irtm  ])ule-picoM  or 
conw  to  tJio  diAiibnijgKi,  »o  that  they  not  on  tho  ptungur  principh),    I 
i  371 :  lungnotum  u  "  iodiiood  "  in  tbow  cores  by  m  magnet  n«ar 
to,  l>ut  not  in  contact  with  tbem. 

1311.  Th«  dtaphmEni  u  mode  of  thin  iron  sbvut,  tbo  fvrro 
tyiiu  j}botogTapbio  pUtca  boinK  gonsnJly  omn).  ItH  thicknoiui 
itua  (luunctcr  bold  u  dufinito  nAntion  to  the  diiooiwions  of  tliu 
iuatnimont,  and  il  in  probable  that  improvomcntaniay  be  lookvd 
fur  in  tliin  <lii(M:tioD.  Small  diaphi«gu)itaDiiw«ru«  wvll  oa  larg«  1 
onoH  if  the  true  ]>ru]MrtionH_are  obUincd,  bccaiue,  m  with  currant,  I 
S  I  loS,  powerful  magnuliu  field*  w  not  nvooawiT,  but kv unit i to- 
noan  tofluelualiimt  in  the  inagnetio  iotonMity  ;  Biiffi«i«iit  iliiokuiixi 
of  iron  is  needed  to  frwly  tlowlop  thu  mugni'tiu  linuit,  mid 
olftsHcity  to  gire  froo  movement  under  the  elightcvt  ohangoe  in 
the  mognotio  conditiona. 

I1I3.  Tho  onrly  form  of  diaphragm  known  aa  the  "  Bngliih 
UodoaDio  "  tolephono  eacaped  tJio  claims  of  the  patent  through 
having  boon  published  in  that  paper,  and  oonMquently  "dii^  . 
clnimod  "  whun  tbo  iron  plate  was  adopted.     It  has  boon  wwd  i 
in  miiny  inslniinuntK  for  that  reason,  but  baa  the  diaadvsniaee 
of  varying  in  t«n»ioii  under  atmospkeriodbangea:  aainul  iiNai* 
bmnos,  gold-bcatoi*ii  skin,  and  vartooa  mbatanoee  havo  boon  , 
u»o<l,  and  it  wnutd  seem   by  no  meaiM  tmlikely  that  aorae  ! 
■ubstaaos  may  yet  ho  found  which  vrill  give  better  aeuDd- 
•ffeols  than  the  iron  disc  wbon  cooibinod  with  the  doubl»-poU 
magnets. 

■  311.  Action  of  thk  TsLXi-BOiitc, — That  the  apeaking  diso 
■hould  vibrate,  like  the  root-iving  disc,  is  natiir*tty  to  be  ox> 
peotod :  but  for  a  long  time  it  waa  denied  that  this  wu«  tbo 
mod*  in  whidiauunil  waa  produced,  and  the  oxplanation.S  1315. 
WB0  favoured. 

Tha  mecihantca]  nndnlation  of  the  diaphragm,  eo  small  as  for 
a  long  while  to  escape  observation  b,  however,  now  proved.  By 
arranging  carbon  rods  u|>oii  the  diso  to  act  as  a  microphone, 
tho  aonnda  can  be  reproduced  in  another  telephone,  proving 
tho  variation  of  ptoasur?. 

1^14.  Experimenters  failed  at  fintt  to  demonstrate  these 
motions  even  by  the  doltoutfi  agonoy  of  roflcoted  light;  but 
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thiH  luuf  DOW  been  cDOiKasrall;  employed,  bj  fixing  a  light 
mirror,  not  oa  th«  centre,  but  betvreeu  that  and  the  cmnim* 
fenoce.  Tliu  muet  oorajtlote  expotJiBeDl«  an  thoao  of  Dr. 
0.  Frnlicli,  wliOHo  pajMir  may  be  found  in  the  '  Electrician,' 
vol.  38.  p.  59.  tCa  oinployed  the  netliod  of  I.tssajooe,  re- 
ceiving the  Tuflcoted  ray  ii]wu  u  rotating  {nilygonnl  uimr, 
wbioli  gnatly  outan^  tlw  molioii  o(  tlw  ray  an  it  wuh  Ihruwa 
upon  a  ecroeu,  prooudug  a  variety  of  oiirvea,  dwnging  wjtli 
the  oolidititnia :  <^BCtl  kinil  of  Huuiid  gunoiating,  nut  in  other 
'■ftitt.  iti  own  K|>e«tiil  wave  funuH.  It  im  obvious  ttiat  the  uoit 
dvUoate  rvnciirolMW  utiiy  lio  inado  in  llils  way  into  thv  iiUliMtim 
of  indnction  awl  vbangoe  of  form  in  the  iiiatrumetit.  The 
telv])hi>bu  in  tbin  way  bvonmL-n  at&u  a  uaoful  agent  in  OKamining 
the  phenumeua  of  electric  ourrenla,  rat«  of  alternation,  iiu- 
pednnoe,  Jcc,  bL-cmuu  tliuM  all  vary  the  ourvw  producmd. 

1115.  The  amplitvtU  0/ a  lovnd  ntnifMii  may  be  inappreciably 
email,  when  the  nuund  ituclf  in  fevble,  an  in  those  of  ordinary 
telephonun :  in  fact,  it  bait  boen  i-alcnluttHl  that  an  amplitndo  of 
400  milLiontbs  of  an  inch  may  siifliots  but  until  UtUM  movemeDtt 
wetx>  demonatiatisl,  the  <  iiuHe  of  the  Ronix)  waa  Houzbt  in  taelt- 
(vlar  eAntliont;  llina  it  la  known  that  a  bar  of  iron  lengthens  in 
uitgnotizinE,  aooOKUng  to  Joule  i-iyoooth  of  ita  luDf;th  ;  ae 
that  not  onlj  would  tlio  bar  longtliien  and  ehorten,  but  in  to 
doing  it  would  add  this  effect  of  af^nozimation  to  that  due  to 
the  magnetic  iDoreaeo,  and  ao  produce  a  taction  of  tho  disc  whi^ 
while  ample  according  to  the  foregoing  figana  tu  produce  a 
found,  would  yet  bo  lur  below  the  limit  of  vtaibitity  or  ineaaurv 
nwnt 

It  bne  lioeii  nrgtiod  that  a  moluculur  increoee  and  docreaae  in 
the  tbickueetj  or  tlie  diao  itaelf  ia  tho  soureo  of  eound,  atid  tbin 
ae  the  di«c  is,  tho  proportioiin  would  bo  ndc()nate. 

t}i6.  Iron  in  ma^nttixing  and  dema^etixi»if  eivm  oxit  ^  Bh*rp 
*'  click"  to  which  the  uotion  ia  eomotimce  attributed,  but  inteir- 
eeting  aa  tho  fact  io,  as  nn  evidunce  Hint  Mime  actual  motion 
oocorB  in  magnetising,  which,  if  freqiivntly  refilled,  even  liaals 
tile  niotal,  yet  it  nppoara  unlikclv  thiit  the  audiilaling  cnrrenta 
of  telephony  would  produce  that  motion  in>  suddenly  aa  to 
geuerate  sound. 

1517.  We  know  that  inJuftkff  or  rtalie  ehargra  aot  up  actual 
uttroctione  aa  used  in  the  balance  electrometer,  S  74*  and  that 
such  charees  ano  produced  by  and  vary  with  electric  corroiite, 
$9J7,  aDiTthatthweobarpw  and  change*  imply  eotue  afltioD, 
inrulTing  motion  in  th«  partiolee  of  air  between  the  two  BUrftces. 
Tbwe  ia  good  reason  to  suppose  thut  this  playa  a  part  in  the 
aolion,  for  therv  ntnat  be  induceil  obargce  between  the  wint  ooil 
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and  the  melallic  dive,  which  cvllocts  io  itoolf  tho  linos  of  foroe. 
lu  fact,  telephonw  h«vfl  been  <k>viBed  whH^  depeiid  on  this 
aotion  aloito,  $S  i^i^-jo. 

tji8.  TholAin  inm  Huipkra^  mnj*  therefore  he  r»p)K«d,  Id 
»>me  fonus  of  (elrphono,  by  thick  [lUtcH,  or  other  metftia  and 
ov&a  DUD-melallic  siibstaiioea.  Tho  iron  core  even  may  bo 
dupcnaed  with.  SoudHs  mayevoo  bo  received  from  a  stoglo 
plate  of  anv  motal  connected  to  ono  rondactor,  and  held  by  an 
uualattng  handle:  in  this  owe  it  is  obriooa  that  the  action  is 
pnnty  one  in  l>>e  air  botwe^u  the  iu«ulat«d  plate  and  theraifacs 
of  the  facts  which  forma  the  ottier  oloctrode  thiongb  the  earth 
circnit.  In  fact,  this  ia  an  olomontary  type  of  I>olbear*a  indnc- 
tion  lelephoQo,  §  i)JO.  which  like  many  other  mattera  hero 
nii-ntioncd  is  of  ittleRvt  to  the  stiidont  of  sdonoe,  and  to  those 
who  hopv  to  oarry  practical  work  fnrther,  even  thoogb  not  at 
present  made  uso  of. 

t]i9.  riir^'*  Condmser. — This  cuoaists  of  an  ordinaiy  cmi- 
denavr  made  of  a  number  of  sheets  of  tin  foil  eepArat^^  by  double 
elweta  of  thin  paper  coated  with  shoUao  varnish  ;  the  eonnd  is 
prodnoed  bj  tlie  actual  mottoo  of  the  foils  and  papers,  resulting 
nwn  the  snoceesive  attraotious,  together  probably  with  tmdala- 
tiouH  of  the  contained  air.  It  was  patented  April  1670,  and  was 
mainly  intended  to  assist  in  mnltiple  telegraphy,  the  working 
out  of  which  was  in  fact  the  objeot  of  the  other  telephone 
inventoiv. 

1 120.  Prof.  Dolbear  c*rried  the  idea  a  step  further  in  a  tele- 
phone ootuictiDg  of  an  aiiHjoiideaaer  oompoaed  merely  of  two 
pUtee  dose  to  each  other,  each  eouMOted  to  one  terminal  of  the 
circuit:  its  action  depenitii  on  the  prinotplea  explaiiiGd,  S  ijiS: 
as  it  requires  a  high  E  SI  I'  to  work  it,  sndi  aa  is  derived  from 
the  induction  coil,  it  is  leiis  xnbject  to  disturbanco  by  Hurrouod- 
ing  actions,  which  are  usually  at  a  luw  EMF. 

>]lt.  Mr.  PrAceefaasshowD  that  the  varying  temperature  and 
consequent  expansion  and  contraction  produced  in  a  wire  carry- 
ing  the  ciiiTont  will  reproduce  eoHnda :  be  found  platinum  wire 
of  'ooi  inch,  6  inches  long,  stretched  between  »  pillar  and  a 
diaphragm,  to  give  the  best  results. 

I}]].  The  attractioiiB  between  the  tuma  of  a  helix,  S  ii}4i 
either  with  or  without  an  enclosed  toagnet,  have  also  been  pro- 
posed to  vibrato  a  diaphragm,  aa  also  have  been  the  polar  at- 
tractions of  the  two  anna  of  an  elastic  horecshoe  magnet. 

I}]}.  If  a  bar  of  Kift  iron  be  huumered  out  flat  for  abotit 
half  its  length,  sufficiently  Uiin  to  vibrate  pretty  freely,  aud  then 
bent  first  at  right  angica  where  it  begiua  to  thiu,  and  curved 
over  iteelf  as  a  swau'a  neck,  aud  a  coil  of  tvire  be  apjilied  under 
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the  firat  Ix^nd,  an  intvrmitUsnt  curivnt  jintdtiooi  vibnttiona  of  the 
tbin  vai.  althougli  tliu  maenoUo  p<]lnritiM  kto  Uw  >anie  at  the 
bend  and  U»  opposing  end:  this  is  bocAuse  th«  njtura  Haee 
of  force  kre  gnktoi  in  od«  aum  tbao  Uio  othor,  ftud  &leo  b«<-aui« 
the  chftDge  of  magnctiHtn  occurs  moro  rapidly  eloM  to  the  coil 
than  at  tLo  onds,  so  tliat  for  it  raoment  thoro  is  a  difforeuoe  of 

Solavity  gcnoratod.  Such  au  apparatus  acta  as  a  telephone  if  a 
isc  of  corh  is  adjustpil  to  the  vibrating  end. 
t}24.  Tho  groat  difficulty  of  the  t«1ephoiie  is  that  its  extrenoe 
eousitivonoM  rcveolH  electric  vnriations  inappreciable  b.v  auT 
other  means.  It  tostiiios  to  th«  slightest  changes  of  magnetic 
intensity,  or  of  oloctric  current  anywhere  in  its  neighbourhood. 
This  facalty  is  utilised  in  tho  induction  balance,  S  1384,  and  in 
rcrplaciDfr  tJie  galvanometer  in  tho  Wheetstone  Bridge,  and  In 
tc*tii)K  cnanges  as  HtiggevUid  $  iot3  ;  in  like  manner  it  prgvos 
that  tho  currents  fr<.iiii  dynamo  maohincs  are  not  abnolutoly 
constant,  and  shows  tho  intcrmittcnce  of  the  action  of  the  Hou 
and  similar  mnchinos,  and  of  vacuum  tubes  when  the  Btriw  are 
manifested  oven  from  a  battery,  such  as  described  §  116.  For 
such  purposes  two  suitablo  cirouits  are  trouud  paialhil,  or  an 
induction  coil  nrith  break  screwed  down  can  be  QBOd. 

1^15.  Telkprokb  OiecinT. — Abu  oonsequenoe,  tho  tolephano  in 
subject  to  nunierous  disturlauoes.     The  reoeiTing  disc  may  b« 
disturbed  by  sui'ixiunding  aoonda  or  medianioul  vtbtations,  as 
well  as  by  tho  gpeeoh  directed  to  it,  but  thiit  may  bo  f^arded 
against.     The  varying  currents  ])aasinj;  in  ueiglibouring  wiies 
will  itidvce  cnrrents  ia  the  telephone  oirouit,  and  some  voiy  ex- 
traonlinary  instances  of  this  are  on  reoord.     The  only  niM  ^H 
tL-ctiun  a^^ainst  tbis  is  to  u»e  double  wiresof  the  nine  dinwufi^l 
for  tlie  circuit,  and  tlieeeought  really  to  be  twisted  upaa  a  cold, ' 
tu  ensure  equal  distaooe  of  the  two  wirea  from  all  aurroundion^ 
Tim  rapaoity  of  make-believe  inventors  has  been  fully  oxeragfl| 
in  tliia  matter,  and  the  most  obvioua  ex|iedieutB,  au^  dm  wdHi 
occur  to  auyoue,  have  been  coolly  patented ;  ereu  the  mere  osa 
of  a  return  wire  circuit,  instead  01  the  "earth,"  vnta  iiatoal|^ 
lliough  it  is  the  uuiveraal  mode  of  conduction,  exoi*])t  wl^H 
hpcoutl  oonditioua  make  the  eaith  return  udvantjigujuH  pnn^ 
fur  ucoiiouical  reasoua.      Dillerent  modes  of  exchanging  the 
Huveral  wirea  carried  on  telegraph  |H>le«,  so  aa  to  caoae  one 
suction  to  neutruUxe  the  action  m  othon,  liavo  beoa  devised, 
and  would  ba  usefut  where  even  a  diflur^noo  of  distanoo  of  a  few 
inches  from  powerful  currcntti  would  be  of  importance ;  biit  as 
a  mill  t«(>  ci>[>l>cr  wiruM  parallel  to  and  close  to  ooi^i  other  will 
show  vury  litllQ  indtiuliun  diKturlianoM. 

J536.  inijKidtitKe,  S   53},  is  the  groat  enemy  of  tdephoolo 
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aiid  the  metallic  disc,  which  ooUoctH  in  iteelf  the  tinoB  of  force 
lu   fact,  telepliones  have  bc«n  devised  which  depend  on  this 

Iji8.  Tho  (All  iroji  diaphragm  may  therefore  be  re|ilaced,  in 
•lunie  forms  of  telej>h'jue,  by  thick  plates,  or  other  metals  and 
even  uuu-nieiallio  substances.  The  iron  <wre  evea  may  be 
dispeSfiod  with.  Sounds  may  even  he  received  from  a  single 
plate  of  any  metal  connected  to  one  conductor,  and  held  by  au 
lasulaliug  handle :  in  this  case  it  is  obvious  that  the  action  is 
purely  one  in  tlie  nir  Ix'twei'u  the  insulated  plate  and  the  surface 
of  the  face,  which  forms  the  other  electrode  through  ihu  earth 
circuit.  In  fact,  ihis  is  an  elementary  type  of  Uolbear's  indnc- 
tiun  telephone,  S  IJJO.  which  like  many  other  laatters  here 
mentioned  is  of  intervst  to  the  student  of  soieDOe,  «nd  to  those 
who  hope  to  oaiTy  practical  work  furtlier,  eveu  though  not  at 
present  made  use  of. 

1J19.  Varley't  Cotidfnter. — This  consists  of  an  ordinary  con- 
denser made  of  a  number  of  sheets  of  tin  foil  separated  by  double 
nhuets  of  thin  paper  coiited  ivith  nhellao  varnish ;  the  sound  is 

fiioduced  by  the  actual  motion  of  the  fuils  and  papers,  resulting 
rom  the  succoaaive  attractions,  together  probably  with  undula- 
tions of  the  contained  air.  It  was  patented  April  1 670,  and  was 
mainly  intended  to  assist  iu  multiple  tele(;raphy,  the  working; 
ont  of  which  was  in  &ct  the  object  of  the  other  telephone 
inventora. 

1  )ao.  Prof.  Dolbear  carried  the  idea  a  stop  further  in  «  tolo- 
phone  consisting  of  an  air-ooudeuscr  composed  merely  of  two 
plates  close  to  each  other,  each  connected  to  one  terminal  of  the 
circuit;  its  action  depends  uu  the  principles  explained,  f  ijiS  : 
as  it  requires  a  hij^h  K  M  F  to  work  it,  such  as  is  derived  from 
the  induclioD  ooil,  it  is  lew  subject  to  disturbanco  by  saiTOnnd- 
ing  aotions,  which  are  nsuatly  at  a  low  K  M  F. 

1)31.  Mr.  Preece  hasshown  that  the  varyinglomporaturo  and 
oonvequent  expansion  and  coulractlon  produced  in  a  wire  cAny* 
ing  tJie  current  will  reproduce  sounds :  ho  found  platinum  wirv 
of  'OOl  inch,  6  inches  long,  stretched  between  a  pillar  and  a 
diaphragm,  to  give  the  best  results. 

i}32.  The  attrM:tiou8  between  the  turns  of  a  helix,  j  tl)4i 
either  with  or  without  an  enclosed  magnet,  have  also  been  pro* 
posed  to  vibrate  a  diaphragm,  as  also  have  been  the  polar  at- 
tractions of  the  two  arms  of  an  elastic  horseshoe  magnet. 

I  {2}.  If  a  bar  of  suft  iron  be  hammered  out  tlat  for  about 
hall'  its  length,  suifieienlly  iHn  to  vibrate  pietty  freely,  and  then 
bent  first  at  right  angles  where  it  begins  to  thin,  and  curved 
over  itself  as  a  swau's  ue«k,  and  a  eoil  of  wire  bo  applied  undat 


Ukle  and  tbeu  §peak  to  the  table,  we  sball  feci  n  vibration  dno 
to  the  iui|uict  of  thi.'  aouud  ware«.  and  this  Ib  enfficioat  Vi 
prodtHM  ft  T&rying  contact  between  the  coin  and  nails  ;  suheli- 
tute  for  the  table  a  botutr  resonator  or  sound-board,  or  an  elaatic 
dut|ihra^iu,aiid  tor  the  iiailsandooinaipieuea  of  carbon  in  variable 
justaitotiiuoti,  aud  we  have  the  microphone,  which  as  at  first 
ntiLli^i.  Id  thi'  flnrpriwc-  of  the  world,  would  mako  the  "  tramp 
of  It  lly  "  audible  at  a  distance.  In  fact,  it  has  boon  said,  with 
Koieutific  tmtlj,  that  a  lly,  when  it  settles,  shakm  the  world  -' 
that  shake  is  however  not  appreciable,  but  each  foototep  of  tbe 
fly  will  oertainly  vibrate  a  K'UoitiTo  sound-board,  and  what  ii 
heard  in  the  telephone  is  not  the  foot«tep  of  the  fly,  but  a  wholij' 
new  sonnil,  tho  mechanical  equivalent,  not  of  the  work  done  by 
the  fly,  but  of  a  disturbance  in  an  electric  droiiit  in  which 
Btrong  forces  may  operate. 

I ) }  t .  IVof.  Uughea  gave  this  rml  dtsoorcry  to  the  world,  aii-1 
he  also  gave  the  principle  of  arrangement^  viz.  that  the  uuiuKr 
of  such  variable  contacts  most  vary  as  the  colls  in  s  fafttteiy  do, 
it)  series  for  small  currents  and  largo  resistanocw,  in  parallel  for 
larger  ounonts ;  that  is  to  say  that  each  such  variable  contact 
will  only  transmit  or  vary  a  limited  curreut.  Uut  iuventois 
and  patcuteeesciKedupon  every  imaginable  variation  of  urange- 
m«nt,  with  the  reiiidt  that  actually  used  transmitters  are  known 
1^  the  names  of  their  arrangers,  while  all  are  but  forma  of 
Uughes*  microphono. 

J  jja.  Btiu'B  original  trantmitier  is  a  close  approxtinatiou  to  thtt 
microphone:  it  consists  of  a  light  balanced  lever,  one  end  rwil- 
ii)g  against  the  diaphragm,  tho  other  olo^g  a  contact,  which  if 
made  against  an  elastic  face  would  produce  varying  preanues 
rather  than  actual  break  of  circuit,  or  might  inlrodaoe  &  men 
film  of  air,  remaining  a  conductor  hs  iu  the  arc. 

The  microphone  takes,  in  fact,  just  that  slight  step  by  provid- 
ing contacts  which  vary  in  number  and  procure,  and  thetotbn 
gives  the  conductance  of  the  circuit  au  undulating  eharactur. 

133).  A  teneiliee  form  consists  of  a  verliral  aonud-board  or 
diapliragm  on  which  are  eecua'il  two  blocks  of  carbon 
Ufctvd  to  tlie  circuit:  in  each  of  Iheeeasmall  conical  h< 
formed  tu  receive  tho  conical  ends  of  a  light  etiok  of  oarl 
The  Qoaer  mioronhonc  iu  England,  S  i  {41,  and  the  Ader  micro- 
phone in  France  have  beou  most  largely  uaed;  they  an*  uorfootly 
ulik<!  iu  reality,  each  consisting  of  a  number  of  rods  of  oarbui, 
conuocttng  loruuual  blocks  of  carbon :  in  the  Ader  tboy 
arranged  m  rows  between  the  blocks,  in  the  Oowor  tliey 
riulial. 

i}}^.  Ediion't  Irannniller  prottuoosau  undulating  cvrrvnt  by 
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varyinif  lh«  reeistftnce :  this  i§  efFocrtod  1>jr  proMiiro  eaerted  by 
the  diphntgia  npon  a  blook  of  carbon  compowd  of  oompieona 
laiupbUck.  Sir.  Bdiaon  claimed  the  discovery  of  this  change- 
able resistanoe  as  mode  by  him  in  167)  and  utilized  in  prodncing 
rheostats  acting  by  varying  pressure  upon  powdered  carbon  in 
glass  tubes.  There  is  no  reason  to  doubt  the  actual  disoovery, 
but.  like  luany  other  supposed  inventions,  the  fact  Jtoelf  was 
public  properly,  having  beeu  ^lublished  by  l>u  Monoel  in  1856, 
and  rheofliais  were  made  on  this  principle  in  Oermany  in  186}' 
But  the  fact  has  tjoen  verj-  nsdfully  applied  by  Mr.  Edison  not 
only  in  telephony,  but  in  other  delicate  insti-umeuU*,  such  as  the 
micro-tosinieter,  j  i)S£. 

It  really  operates  in  tlio  same  manner  as  the  various  inioro-' 
phones,  though  Mr.  Edison  at  first  thought  an  *ettial  variation 
of  conductivity  occurs ;  but  it  is  now  known  that  tlie  effect  in 
oil  cases  is  due  to  amore  or  less  perfect,  or  greator  or  less  surface 
of  contact. 

The  external  form  is  similar  to  the  Bell  telephone,  but  the 
movable  rod  which  replaces  the  magnet  is  only  of  use  for 
adjusting  the  initial  pressure :  on  this  is  laid  a  platinum  plate 
connected  to  the  circuit,  tbeu  the  block  of  oonipieesed  carbon, 
covered  by  another  platinum  electrode,  and  a  plate  of  ivory  or 
glass :  in  the  middle  of  this  a  brass  cylinder  (wnioh  replaces  an 
india-rubber  Uook  ai  first  used)  transmits  the  notions  of  the 
diaphragm,  or  the  vatying  preasnies  dae  to  the  iinjpact  of  the 
souoroue  waves  when  a  uioro  solid  or  nou- vibrating  pUt«iaasod. 
It  has  gone  out  of  usei,  the  taiorophonea  proving  the  best  in 
work. 

'31S-  OtUlrit^M  carbon  Iteiix  Ja  the  latest  modification:  it 
oonaists  of  a  Itelioal  spring  composed  of  a  carbou  filament  like 
those  of  lamps,  so  formed  tliat  the  turns  have  varying  pressoroi 
upon  eaoh  other  aooordiug  to  the  play  of  the  diaphragm  to 
Which  it  is  oonneoted  at  one  end,  and  the  adjustment  of  a  scirew 
at  the  other  end.  It  is  stated  th^t  a  helix  weighing  only 
1  grain  and  exoeediugly  mobile  will  vary  in  rtsiaianee  from 
10  to  joo  ohuia.  At  the  time  of  writing  this,  only  a  preliminary 
description  has  beun  published. 

I  j}6.  TmuiHitUn  in  tehich  lh«  retitlanct  tctriet  permit  the  use 
of  induction  ciiil»,  tlie  Ininsmitter  replaces  the  contact  break 
and  sends  audulatury  curreuts  from  a  uattery  into  the  primary 
of  the  coil,  while  exactly  similar  undulations  are  produced  in 
the  secondary  wire :  these  however  have  a  much  higher  E  \t  F 
than  those  of  the  battery,  and  are  adapted  either  to  sending 
currents  throngh  a  high  resiatanee,  or  to  working  condenser 
tel^honee  by  "  charge. 
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i})7.  TiisaitiBS  or  UioHonioiiK  Aantm. — Than  hna  bo«n  mnofc 
diseuasi<»ionthis.KodaeveratexpUiuttioD)i*romuataiDed:  u(i} 
ft  variablD  rcsurtanoo  doe  tooompRcsioD  of  tlio  carbon  itaelf — this 
isiww  entirely  disproved ;  (i)  variatioo  due  to  ftlteraUoa  of  the 
number  of  molecalos,  or  ar«a  of  snrfaco  in  Kotaal  oontaot;  (j) 
variation  Ana  to  pieannttof  air  filin  pr«v«ntingAbeolate  contact, 
bTit  itself  acting  M  A  oondactor;  {4)  the  formfttion  of  an  arc  of 
varyin;;  TesiBlaDoe,  in  andi  an  air  film;  (;)  an  iotermtttent 
make  and  break  of  circtiit.  The  last  two  may  appear  altlu, 
but  there  is  an  eHcntial  diflirenoo  of  prioeiplo  betw««n  then, 
depondcnt  upon  whether  the  circuit  ia  aetnally  broken  and 
current  sioppud,  or  whether  thoro  ia  moraly  a  not  and  fall  of 
conducting  capacity,  never  intomipted,  with  a  conaeqaent 
unduLating  ourroRt. 

t}}S.  Tno  air  Him  theory,  and  that  of  affKo/  eonlaet  difl!i>r,  aad 
yet  agree,  for  tho  quostion  arieoa,  WluUuaeimal  etmiaei  in  thi* 
aspect?  All  Kiirftcca  have  a  ftlmof  air(S735)on  their  surf aoet, 
while  carbon  puBsosBOs  apocial  powsra  of  condi^-ttHin;;  j^aaea. 
MicTOBcopio  examination  tends  to  ahi^w  that  there  ia  a  elieht 
separation,  and  ov«n  a  repellent  action,  and  Mr.  Stroh  ha« 
estimated  ibat  a  spnoo  of  i-]oooth  of  a  niilUmotro  exists  in 
a  delicately  l>alanoMl  microphone:  it  eeenu  iraprohablo  thai 
such  can  be  tbo  case  where,  aa  in  the  Edison  and  IMako 
tranamittora,  a  oonBiderable  initial  preosure  exists.  Meaan. 
I^Tobert  and  Soward  appear  to  have  proved,  in  a  paper  tmA 
April  uth,  188),  to  the  tiociety  of  Tetograph  Enj^eera,  tbal 
lliid  film  docs  exist,  for  they  arranged  a  microphone  oODtact  in  ■ 
vessel  through  which  they  pasKd  streams  of  diff^reat  gaaoa  and 
found  a  difiereooo  of  reaistauce,  viz.  moist  air  }8$  ohna ;  dry  air 
j2o:  carbonic  acid  4}; ;  and  hydrogen 600,  with  oorreaponding 
effects  in  reproducing  sounds. 

i)}9.  Bill  tilth  mimttefiliM  are.  c^ndtieton:  that  is  to  aay,  electric 
trausiuiasiou  lakes  pluoe  across  them  junt  as  il  does  through  a 
moderately  good  conductor  of  high  spocifio  rosistauco,  though 
tliia  inaybe,  for  air.greater  than  tlMt  of  carbon,  as  this  ia  greater 
tliuii  that  of  silver ;  or  it  may  be  simply  a  question  aa  to  tlie 
distance  at  which  the  molecular  actiona  can  occur,  and  produce 
elcutric  IranBuiasion.  But  we  know  that  such  Hlrus  do  not 
arrest  electric  transmission,  for  even  tlie  low  H  U  K  employed 
in  electro-metallurg}'  surmounts  thoni.  A  piece  of  gold  ftvah 
cleaned  receives  an  adlioreut  coating  of  copper  ;  if  we  leave  it 
exposed  to  the  air  lo  reform  its  61m,  we  can  still  deposit  oopper 
on  it  fhjoly,  ihoiigh  ibe  co»t  will  not  adhere :  we  have  iwre 
tho  distiuotiou  between  molecular  ftntlael  and  circuit  aerom  m 
air  film,  but  it  ia  evident  no  arc  can  aooompany  this  transtuiaBion< 
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ProfMBor  Blyth  has  howovor  proved  that  nn  arc  may  bo 
fonned  iu  th«  film  of  air  aud  vrill  a«t  as  a  lTauflmitt«r,  but  ho 
used  an  KVU  altot^ollior  out  of  practical  lungo.  It  is  also 
known  that  a  variabl«  aro  tamp  will  give  rise  to  sonnda  in  a 
telephone. 

I  )4a  Equal  eariali/ma  o/prft»ur«  tU>  not  produce  eqtml  dtanget  of 
ntiatanee, — Mr.  Sbelforil  Uidwcll  publisiiod  a  very  full  series  of 
es{>oninoiitB  which  ahow  that  tho  grt.-atc8t  variation  oocurs 
while  the  pressure  is  Hniall,  and  that  m  limit  is  soon  reached  at 
which  little  effect  is  produced :  it  would  appear  as  though  tho 
early  action  is  io  thin  and  B>:|ueeize  out  ihe  air  Aim,  then  to  prE«e 
more  surfaoes  together  until  the  limit  of  elasticity  ia  reached. 

lie  also  fuiind  that  the  mubtiiM  rnritt  iri'M  diffenrU  enrrenit : 
therefore  there  is  something  bc«id£«  resistance  to  be  oonaidered. 
The  resistanoo  varie*  mott  with  small  currents,  preflsu re  being 
oonatant,  but  is  lowL>r^  by  the  increase  of  ourruut,  pointing  to 
an  action  of  tho  heat  developed  at  tho  contact,  which  is  not 
readily  conducted  away,  because  carbon  is  a  bad  condncWr  of 
heat. 

ti4i.  PtLiHOirLAi  ov  CoNffFRUcnoM. — Tho  adjustment  and  the 
resistance  must  be  suited  to  tbe  required  pnriioaea:  for  very 
dligbt  sounds  or  motionB  the  moving  parts  must  be  very  light 
and  the  capacity  of  motion  very  delicate:  but  if  such  an 
apparatus  were  used  to  tmnamit  sfMsech,  little  more  than  a 
continuous  roar  would  hv  heaiil.  Pur  this  purpose  heavier 
niuAsi's,  greater  presHure,  and,  as  Prof.  Hughes  indioatod  from 
the  first,  aeverui  separate  junctions  are  re<]uired,  as  mied  in  tbe 
Guwer  transmitter.  This  ooiifaUts  uf  a  auuiid>board,  tu  the  middle 
of  which  a  round  block  of  carlrou  iu  attuched,  having  six  oonical 
holes  around  it;  sixcorrespoudiu^bli'uksareaTTanged  tnantnle 
around  the  sound-board,  and  pointed  carbon  rods  connect  thom : 
three  of  the  blocks  on  each  side  ore  oouiiected  together,  aud  to 
one  terminal,  so  that  thesyetemactsas  tlireep^rsofooutaotsin 
multiple  arc,  aud  two  in  series. 

I  }4J.  The  principles  for  a  speaking  microphone  may  be  con- 
veniently stated  nearly  in  Mr.  Uidwell's  ooDolusIonB  from  his 
experiments:  (i)  the  constituents  (moving  carbons)  shonld  be 
numerous,  (i)  'I'hey  should  all  be  in  multiple  are.  (j)Th6y 
bhould  be  ho»vy,  to  give  inertia.  (4)  The  pressure  should  be 
light,  by  adju6tni<-nt.  (^)  The  resiatauce  should  be  small,  and 
adjnstetl  to  that  of  ihe  wholo  circuit.  {6)  The  current  should 
be  laige  in  the  whole  but  small  at  each  contact. 

1)4}.  UiifrAHcs  or  Tii&HXMiMtOH. — There  appeals  no  rc«8uo 
why  nMT«  distaitM  sbonld  bo  of  any  moment,  nor  tbe  were  resisi- 
aoGO  of  the  circuit,  and  this  loads  oaUitinaBtio  peopio,  who 
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fiincy  that  thcro  are  no  UmlU  to  BcicntiGc  pomEbitUiea  to 
imagine  ihai  it  wtti  yet  be  poaaihie  to  talk  through  Atlftntio 
oal)leH.  Tbfl  liinitiiig  Uwk  are  how«v«r  now  protty  well  u 
ntcod  :  the  obMioctlen  to  troaaiiiiiMion  *ro  intftnial  and  ex: 
mduc<anix  and  indiutioH  rMultiiig  in  the  confasion 

I  ;44.  Indiietion,  tho  Inflnoncdc  front  witltont,  of  6le«tHe  mi 
iniL)i:nctiu  ohangeH  rcactin|;  within  thv  wire,  majr  be  wboUv  ipit 
rid  or  by  grnkt  care  in  arranging  tho  circuit,  nod  mainly  br 
Hoouring<^|nal  upiiuHingiiotionii  within  tho  circuit;  spiral  wind- 
ing of  tbo  cuniliKitoni  in  oihhig,  and  an  otinivalont  obang«  in 
aerial  wiron  at  tlic  sitpiigrtu,  a«  in  now  dono  in  the  Paria  ud 
London  lino,  will  pretty  well  Deutrulixo  cxlcimitl  actiuna. 

134;.  Inductance,  tho  intomal  reaction*  of  tho  circuit  itself, 
cannot  bo  ontirely  diapoMvd  of,  aa  it  is  an  inherunt  part  of  eon- 
duGtanc«,  S  469.  The  nnduUtioos  of  apooch  involTo  about  ijoo 
changes  nf  current  per  aooond,  and  every  ono  of  those  moaaa  a 
change  in  tbo  atatio  and  roagnctio  clmrgca  of  tho  cirotiit 

1)46.  The  llmitins  law  in  vory  eimplo  and  deponda  on  the 
"product  of  the  rcsiatanoe  and  capacity"  of  too  lino — KK. 
According  to  Mr.  Priiccc,  who  cnrot'ully  itudied  this  aub}eot 
while  preparing  for  tho  I'aris  line,  when 

E  B  =  15000  speech  becomoe  impoatible 
„    =  laooo      „  ..      justpoadUA 

„     =  loooo      „  .,       fairly  good 

„     =    7SO0      "  ■■        'ory  1?^ 

„     =    jcoo       ,,  „        oxooUent 

„     =    1500  or  I0S8,  speooh  booomos  porfeot. 

TheBUF  or  cnrrent  doe«  not  affoot  thia  bocaiMe  thty  and 
the  diiturbaneeB  rise  and  lower  together:  but  tho  aonsitiveneaa 
of  tho  receiving  instrument  doce  intluenoe  the  limit  at  whtohil 
can  lio  vmi)li>yt:d. 

t}47.  Tlio  capacity  of  the  line  depends  upon  ita  material  and 
ita  niodo  of  inaulation.  and  those  who  wiah  to  study  tho  subject 
will  find  the  details  in  Mr.  Preeoo'a  paper  to  tlie  Itoyal  Society, 
jrd  Marah,  1687.  He  girea  the  fair  o/limit  ofdiitttnee  aa  ir*  = 
A/K  It,  whore  A  is  a  oouatout  for  each  luateriol 

Copper,  ovcrhoa<!     15.000 

„        in  oablea     11,000 

Inm,  ovorhoad  10,000 

TIic  rcault  ia  tliitt  the  material  must  bo  eoppc-r,  aud  the  powiUa 
dintance  ia  invcraoly  oa  the  aquare  root  of  (he  line  value  E  R. 
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I J48.  The  Paris  I/mdon  liite  has  proved  Uie  trntli  of  Umwo 
prinoiples  by  ils  most  i)eTf«ct  workine,  ukI  Bomo  pttrtioolm 
may  be  of  interest.  The  Eug;lub  land  line  ia  403  lb.  ooppor  to 
the  mile  oarried  on  posta  70  y«r>bi  apart  and  25  fuot  from  th« 
ground.  In  the  English  purtiou  the  two  w!rc«  of  tho  oircnit 
make  one  turn  every  bur  poats,and  in  the  French  purt  in  evoty 
flix,  and  the  EngliBQ  part  works  rather  better  th.iii  th«  French. 
The  Fretiub  lino  is  6co  \be.  to  the  mile,  but  it  is  injured  by 
a  length  of  underground  cable  where  it  entcni  Pariit. 

The  eabh  coiibtinii  4  cinnuta,  each  a  Htrainl  of  7  wires  160  lbs. 
per  nuutical  mile  »f  7 '  jo  ohms  resiHtanuM  pvr  mile,  insulate 
with  guttapercha  and  Chiitterton'H  coEaponnd,  with  insulation 
in  water  ut  jcx>  mog-ohnis  per  knot  ana  a  capacity  of  o'}04J 
microfarad  per  knot,  and  Uie  aevoral  cures  aro  twist«d  in  a 
spiral. 

I J49.  The  detaila  of  the  suTcral  portions  are : 


London  to  St.  Margarota. 
Seu  cable        


SaDffatte  to  Paris  . 
I'ans  andergrouod 


jii*}         69J      io'6a 


E  S  =  693  X  lo'fia  =  7 J j9. 

IJ50.  The  line  has  boon  connected  to  Marseillos,  a  further 
distance  of  900  miles,  through  which  Bpooeh  was  possible, 
though  difBciilt  becattse  the  line  was  not  specially  construoted 
for  the  ptirpose, 

In  Amunou  epeeoh  is  common  over  gr«at  dklances,  but  in 
these  cnsca  the  Unas  are  wholly  oorial  and  oarried  orer  country 
with  little  disturbing  indii«noo«.  Where  cables  and  under- 
mround  wires  are  used  the  difficulty  becomes  much  greater, 
simply  because  of  the  inovilable  increaso  of  the  capacity  K. 

IJ5I.  Telkphohb  Syvtemi!. — Space  will  not  permit  the  de- 
ecriptioD  of  the  amngements  of  the  regular  telephone  "ex- 
changea,"  nor  is  it  ueoeasar^,  as  those  ooncerued  in  thein  must 
•bide  bv  the  aTTangemeitts  in  each  case.  They  iurolve  the  stib- 
diviiiion  of  an  araa  into  distriota,  at  each  of  which  there  is  a 
"  swit^^hlxMird  "  by  means  of  which  the  attendant  oonnecta  any 
required  circuits  together  so  as  to  enable  any  one  subeoriber  or 
station  to  communicate  directly  with  any  other,  whenaver  the 
oonditioD  of  the  line  and  inatrumeuta  permits  theory  to  beoome 
practioe. 


MUCELLllllOUa. 

1^51.  But  it  may  be  tuefiil  to  sliuw-  euch  u  system  a»  %ay 
[Mison  can  employ  for  peraonal  retiuir^iuetils.  The  ootuitl 
upIitutttuR  to  be  employed  mil  be  mdily  eelectod  and  luaile  by 
tliuao  who  oomprebend  tlie  nneral  deaoriptioua  aln-ady  );lveD, 
aiid  wbo  are  cafiable  of  su^  work,  while  th«re  ai-u  i>l<!Uty  uf 
maiinfuotiirerH  ready  to  supply  raitable  itpiiamtua  tu  tliowo  vrko 
roipiiru  lUeir  uid. 

A  call  in  u.  Tinit  eiLsciitial,  and  uiaiiy  atlomnU  have  been  made 
to  ntiiku  t!io  toli>]ilii>nu  it4tL-lf  aurvo,  but  the  ordinary  bull  is 
gcntirully  uxiid,  now  thikt  battery  eurreuta  are  again  empluyed. 

Thu  oall  niiiy  be  aoti]ate<l  dinot,  or  a  relay  can  be  iinecl  to  Wt 
a  looul  battvry  iii  itotioa ;  with  a  polariuxl  armature  thin  will 
alno  enable  tbo  apookor  to  Hulout  whioli  of  two  JuiitrunKinU  Ue 
may  dc«tiro  to  addrowt,  aooordiiig  an  ho  Hendii  ponitivo  or  Qc^tive 
curronta  to  the  lino  by  mMoa  of  a  rovorKing  comiiiuut«>r. 

')$}■  ^'K-  '^^9  **  "^  disgrammatio  oiplanatioD  of  the  priii' 
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ciples  of  a  oomptete  oirctiit,  tlio  uctnnl  amuigemetit  of  wl 
may  be  greatly  varied.  L  i»  th*  lino  wire  oonueoted  f 
movable  lever  or  8]>ring  H,  upon  which  tho  telephone  la 
whMi  out  of  nso,  <o  that  ita  weight  ahall  place  11  in  < 
with  tlio  point  ■  aud  the  call  ayvtom :  this  circuit  Ui«a  , 
by  the  apntig  B  to  ]>aiut  4  oouaocted  to  the  olectro-magnot, 
t£en  through  ttie  vlbratiog  aprin^  S  to  £.  B  repreaouta  tfaa 
earth<plato  or  retnni  wirot  to  which  varioiu  oonnecUons  bava 
to  be  made. 

If  tho  other  itiatrumcnt  is  to  be  called,  the  pndi  ptita  B 


ci>Dt)M;t  witl)  point  J,  by  which  tko  positiro  polo  of  tho  battery 
C  Is  pnt  tu  lino ;  Z.  tlio  svgKtive,  being  iMiritiaiivntly  to  evUi ; 
this  HDdH  out  a  ourroDt  which  aotaasjustdcecribnl  iullio  other 
inittninioiit. 

L'nhookini;  tho  toli-]>hoiie  pnU  tho  apcalnng  syaiom  in  circuit, 
ns  shown,  by  tnouu  of  a  doabU  contACt  ):ov  or  switch,  pot  on 
point  6  to  receiTe,  and  on  point  7  to  sand  a  mesBsgo,  it^  moving 
arm  putting  either  the  t«lophono  or  Uansmitt«r  to  earth  un 
required. 

rbo  traniimittcr,  of  whatever  form,  tthown  as  «  nmple  micro- 

!>hout>  M,  is  cM&oocted  to  the  b«tt«t)'  ttiruagh  a  Bwit<Ji  or  plug 
*,  to  cnt  it  off  when  not  in  luo,  too  current  {lassiug  UuoneE 
tho  primary  of  the  induction  coil  I.  and  to  the  eiuo  of  uo 
battery,  Tho  secondnry  wire  completes  iis  circuit  ihrongh 
point  7,  and  the  switch,  to  its  own  earth,  and  through  point  1 
and  Q,  to  the  lino  and  tJio  dtdnnt  inHtninieDt  earth. 

If  a  simplo  t«leplion«  is  usod  to  speak  througb.  its  xeoond 
wire  is  pnt  10  earth  in»t«ad  of  to  ptnnt  6,  and  the  ono  telephone 
employed  for  both  spanking  and  hearing,  or  two  conneotod  in 
arc  or  a«rioB,  may  be  employed. 

t^j^.  The  Poet  office  i-nginoora  find  that  tlio  beetoonstruotioo 
of  induction  ooil  for  thin  pnrpoM  con^ista  of  180  to  185  tuiua  of 
No.  1)  gauge  and  *  j  ohm  reeistanoe  for  primary,  and  4100  lo 
4330  turns  of  38  wire,  of  J^o  ohms,  for  secondary-:  but  of 
oouree  the  OoU  ought  to  be  a<ljtistixi  by  tho  ordinary  taws  to  the 
conditions  of  the  drcuit  it  ie  to  bo  used  with. 

135;.  lUniOFiioinr. — One  of  the  most  intereatiug  of  recent 
dincoveriea,  on  aoientiSc  grounds,  is  the  eitrame  seusitiveueas 
of  matter  to  the  smallest  variation  in  the  Btreanu  of  radiant 
energy.  To  the  ordinary  perception  it  appears  that  oh*ngea  of 
l^inijwrature  require  considerable  time  to  produce  any  effeot 
upiiu  matter,  but  we  havo  now  learut  that  tbey  are  attended 
with  great  molecular  chsngra,  modificatioDS  of  struoture  and 
proiMrtivn.  which  occur  with  a  rapidity  comparable  only  to  the 
npeiiA  of  light,  and  which  show,  as  elated  i  1040,  that  each 
molecule  of  matter  is  the  centre  of  action  of  many  forces,  and 
Hwayed  instantly  by  anjr  change  of  rotation  amou)^  those  forces. 

1356.  Stnind,  as  explained  jr$  1 1££  and  1393,  is  aunply  a  nlra- 
lion  which  h  perceived  and  measured  by  a  special  or^au,  the 
oitr,  but  which  may  also  be  Been  and  fett.  Like  light,  it  involvea 
a  eoum,  a  mode  0/  propa^atiott,  and  a  renncer,  and  like  light  it 
may  be  propagated  in  oircniar  waves  around  its  source,  or  con- 
ocnlratod  in  a  "beam."  Its  vibrations  mar  also  be  taken  np 
by  a  resonant  surface,  saoh  as  a  aonud-Doord,  wliich  then 
becomes  a  new  source 
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i)j7.  Whtaltlme'*  lure  illustrates  tho  priactp1«a  to  b©  bortie 
in  mind.  If  a  mtuical  box  be  set  playiog,  its  bouikI  will  aot  be 
heard  iu  a  room  scvetal  aiorira  above,  eren  if  n  Bmall  opening 
bo  made  tbrougb  the  sevoral  iloors:  bot  if  tbrongb  tlieae 
Lipeuitm;B  there  paaeea  a  light  lod  of  pine-wood,  rceting  on  the 
box,  or  a  reooaant  table  on  which  the  box  stands,  and  terminat- 
ing above  in  a  sound -board,  Lhou  the  music  will  be  heard  in 
the  upper  room.  The  reason  is,  that  air  is  actually  one  of  tho 
wuret  transmitters  of  sound,  thongh  the  usual  moans  of  trans- 
ruiaiuoii ;  pino-wood  trani^mits  sound  much  more  freely,  and 
with  about  sixteen  times  tho  Tolocitv.  It  is  on  this  principle 
that  the  "  stethoeooira  "  is  based,  and  enables  ii«  to  bear  soonds 
in  the  interior  of  the  body,  whioh  cannot  be  pcrcoired  by  tho 
ear  alone. 

I  ij8.  A  beau  of  radiant  ooorgy  may  bo  compared  to  tho  rod 
uf  whealstone's  Ij're,  or  to  tho  oord  of  tbo  string  telephono, 
which  tmnsmit  a  stream  of  soergy,  and  tiio  Mwutml  point  of 
radiophony  is  that,  if  the  stream  of  energy  is  made  intormittent, 
the  intermissions  eorroKpond  to  tho  succossiro  impulses  in  tho 
rod  oT  cord,  and  I  hnl  such  impulses,  falling  upon  a  surface,  mav 
excite  such  momentatr  expansions  and  oontmetions  as  will 
generate  sound-waves,  inst  as  though  the  resulting  molecular 
undulations  wore  caused  by  an  actual  vibration.  'Ihis  efieot  is 
in  fact  identical  with  that  considered  as  oocuriug  iu  Uie  tele- 
phone, S  121}. 

1JJ9.  The  timphel  intemtpttr  is  a  metal  dieo  moonted  ou  an 
axis,  and  with  a  number  of  equidistant  boles  formed  near  its 
edge,  the  beam  of  light  being  oondensed  upon  the  point  cat  by 
the  holes  when  the  disc  is  rotated.     Now  this  is  one  form  of 
"  nireu  " ;  for  properly  IJtted,  with  a  atreani  of  air  directed  on  the 
holes,  we  pi-oduoe  a  musical  note,  vary  iug  with  rate  of  lotatioib 
111  like  muiitier,  if  we  make  the  disc  of  iron,  and  plM«  a&  fllec^H 
mugnet  with  a  telephone   in   its  circuit  on  one  nde,  ai>^H 
magnet  jMile  on  the  other,  we  have  the  maijnetDjJuin^,  vrb^| 
produocs  the  some  notes.      We  thus  trace  tho  oouuc«tion  MH 
the  rough   mechanical   actions  through  the  hidden  aotions  of 
light  and  luugnetiiou,  just  as  in  ^  982-6  we  trace  the  analogiM 
uf  wave  motion  from  the  aui&oe  of  a  pool  to  the  gloriea  of  the 
speotmrn. 

i}6o.  The  radiometer,  when  first  invented  by  Mr.  Croolc«», 
was  aupiiosed  to  move  by  the  iuiiKiot  of  atieams  of  rndiaai 
energy,  an  tight ;  but  it  ia  now  well  uudenrtoud  Ifaat  Ibo  motion 
Im  due  to  a  mora  material  imjiuel,  to  the  auGfiosaion  of  blows 
given  by  molecules  of  the  nwidnur)-  uir  in  oonlaot  either  with 
thti  waUs  of  tliv  globe,  or  euiideiinud  upon  tltu  tnoriug  TauM 


nad  ftcting  1^  "  recoil."  th«eo  moleciilM  ahBorbing  the  energy  of 
tlio  mdutnt  foroo.  This  mido  action  i§  that  which  is  ojwrative 
in  radiophony  proper.  The  vanea  rotate  on  their  axis  bccanm 
tlioir  tvro  aidos  have  ilifferont  absorptive  povrors,  and  thorefora 
tlii-ro  is  nlvraj's  a  tondoncy  in  the  most  aotive  siile  to  retreat 
from  Iho  lino  of  light,  jnat  an  a  horizontal  windmill  rotates  in 
a  Ktrcam  of  sir  became  the  vsnen  on  one  side  present  a  flat 
surfaoo  to  the  wind,  while  those  on  the  other  side  lie  edgewise 
to  it. 

1161.  Oneofthe  most  remarkable  eiperinienta of  Sir.  Crookpa 
is  that  of  a  radiomotor  with  Tanee  coated  on  one  aiile  with 
solonium.  and  on  the  other  with  chromic  acid.  lie  found  that 
lifcht  from  a  sperm  candle,  giving  white  light,  repels  the 
wJoninm,  while  that  of  a  wax  candle,  with  yellower  light, 
npols  the  ohrom«,  imlicating  the  rolatlvo  ab8or|)tive  powers 
of  tho  difEarent  snbetanoos  for  rays  of  dillerent  refrangibility, 
nenlting  in  meohani«aL  motion,  just  as  the  same  sdectivo  power 
operates  in  photography  as  ohomioal  action. 

t}6i.  If  a  radiometer  disc  weromoanted  on  an  elastic  snpporL   ' 
and  placed  at  right  angl**  to  m  iatenaittent beam,  it  would  1 
doobtleeBly  vibrate  to  and  fro  in  unison  witJt  a  etretclied  cord  1 
Ipving  a  note  oorrespouding  to  the  intenuiasiona :  it  would  not  J 
produce  sound,  beoanae  sound  ouinot  traverBe  a  vacuum,  nnlecs  J 
the  varying  tenaicna  on  the  lElaw  might  result  in  sound,  hot  •  i 
beam  of  refleelc'd  li^ht  would  show  th6   motion.    Somothinv  1 
analogous  to  this  occtira  in  direct  radiophoiiy,  i  1J78,  bnt  botfc 
for  onler  of  diaooven,'  and  for  oouvenienoe  of  exDianalioD  it 
is  better  first  to  examine  the  indirect  action  througn  the  ud  of 
electricity  Ly  means  of  selenium. 

1  j6v  SELKNtnu. — This  snbetance,  which  is  chemically  of  does 
kindred  to  sulphur,  manifests  in  a  most  striking  deigree  the 
Instant  variation  of  the  propertice  of  matter  under  changes 
of  external  forces.  Like  sulphur,  it  passes  into  several  different 
Btataa,  aocording  to  tb«  oooditjoDs  of  fusion  :  it  mar  be  amorphous 
or  viti«oiis,  wi^n  it  ta  nott-oonducting.  and  insoluble  in  Wiil- 

C" ""«  of  carbon;  or  when  very  slowly  oooleJ  after  fusion,  it 
mes  crystalline  and  conductive,  and  also  soluble  ;  changw 
resembling  ibiwc  of  phosphorus.  . 

Willoughby  iimitb,  while  trj'ing  Releuinm  for  large  resistance  1 
measures  in  1S7},  discovered  that  tliis  resistance  was  variablo,] 
and  traced  the  variation  to  the  action  of  light;  bo  used  a  bar' 
of  aeleuium  with  ptati nam  wires  melted  into  ilseDda.and  found 
the  realiitauiw  of  1400  meg-olims  when  the  room  was  dark, 
reduced  to  1000  vrhea  th«  gas  waa  lighted. 

1  {64.  It  lias  now  bean  aBoartaiDea  tltat  Uie  rate  of  variation 
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of  resiBteaoe  under  light  i§  w  the  sqture  root  of  the  inteutdty  of 
the  light,  eo  that  it  WAS  proposed  to  neeseleninmiu  photonwti^: 
but  iinfortniuitely  the  property  ia  Dot  oonstaut,  hut  ^  «rii>«  vpot*' 
bineani) J  as  does  the  actual  resistanoe.  Prof.  W.  G.  AilaoiH  hu 
funnd  a  variatioo  from  i,j25.O0O  U)  39^0  tn  12  montliH,  and  in 
another  pieoe  from  7,600,000  to  745,  vrithoat  any  ww  hnTing 
l)een  maoe  of  them  in  the  ioterval.  Others  hare  fonnd  matilar 
fluotuaiiona. 

1  j6;.  There  have  been  debates  as  to  whether  the  action  is  dne 
to  light  or  to  h<vil,  reallj'  a  disouaeiou  without  muuilng ;  Init  it 
would  appear  thiit  the  power  i«  exerted  by  iiartioular  mir«  uf  tbs 
speetrunt,  oh  indcied  ia  almont  uDiveraally  tlie  oaae  with'  rwliant 
energy.  I'liu  inuat  active  raytt  nr«  ihi«e  found  on  the  greon  side 
of  the  yellow  mys ;  l»it  soiiiu  ex |<«ri mentors  have  also  found  an 
aotire  leeioii  in  the  ultra  ru<t  nr  dark  rays,  and  when  n  raj  of 
sunlight  is  intoroepted  by  a  Hhui:t  of  ebonite,  an  {nvi«ib1a  nam 
pasHCM  whioh  may  be  condensed  upon  tlie  selenium  <m>1)  ;  if  a 
perforated  wheel  now  renders  the  beam  Intermittent,  the 
apmratns  give*  out  the  mnsioal  note  in  Iha  tele]>hone. 

But  tmtperature,  as  distinot  from  radiant  energy,  acts  dif- 
ferently and  apporentlv  not  alike  in  all  samples.  Some  find 
nsistatico  inoronse  ii-itli  iK-at  and  Home  find  it  docnuuo,  and 
there  iH  rfiumn  to  hiAiovtt  that  each  minigilu  Imx  n  "critical 
point"  ut  which  a  revctrxn]  ocount,  jnul  as  in  thvrmoHjJeotiii] 
Mtions. 

1 16€.  There  appear  to  be  Mvend  distinct  aotioiis :  ( i )  light 
pnxlnces  a  gradtuJ  reduction  of  rMdsbuioo,whieh  ^mtltinlly  falls 
on  withdrawal  of  light ;  ())  then}  is  an  instant  ducrvosu  and  as 
inutunt  a  reooviMy,  Uiese  being  the  aolions  iitilixcd. 

There  ufl'  (lifffnuit  opinions  an  to  the  canHA  of  thoM  changes. 

(1)  Dr.  MiiKor  uhtium  that  there  i»  n»t  a  true  union  between 
the  nietiil  nnd  Dulviiium  ut  selenide,  hut  only  a  raiorophonie 
contact  luuililind  by  expantiiou  and  cunt  run  ti'ni. 

(])  SinniunN  coniudgni  timt  buiiides  the  two  ollotroplt?  forms, 
f  I  jt},  amnrphous  and  cryxtalline,  that  there  ia  a  tliird,  timlaliie. 
He  fuuud  tliut  at  80°  C.  one  ohiknge  occurs  oooompanioit  with  a 
loss  of  latent  hnnt  or  iMierg)-,  and  another  at  300°  C.  attended 
with  u  further  Iomh,  but  that  oulj  a  small  piirt  of  tliv  inucis  can 
undergo  this  rhuiigu,  whioh  Is  also  very  iiimliiblo.  Hi:  attributes 
tlie  aotion  to  tliis  lust  ohonge  ooc-urring  among  the  sn|>t)rlioial 
nHdeoulee  undur  the  aotion  of  lii^tt. 

l}67.  Lirfht  gantrtile*  an  B  M  F  in  urUnium  ;  thin  hiu>  Ki-n  noted 
W  aevoral  oliwrvers.  but  uuan  fiillv  iitiiiiiwl  by  FriUw,  j  IJ70. 
He  found  ihiit  platinixoil  glnxii  mado  tho  lw«t  electrodes,  nnd  is 
transparent  to  all  the  ntys  of  the  spcctriiu.    The  ecloDiuu  was 
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luultHt  between  two  plates  fixed  at  suiUble  distance  apart, 
oooled  under  preaeure,  neated  two  or  three  times  up  to  19^°  in  a 
pnndBs  bath  and  alowly  cooled.  The  platinised  gta«  u  that 
wliicli  ia  prepared  for  mim^ra  and  decorative  purpoeea,  the 
plntinnm  beins  tioKd  into  th«  sarface  of  the  c'ms- 

An  E  M  F  oT  o- 11  tdU  ia  i»ct  up  and  the  »lm  U  found  Ter; 
■enaiiive  as  to  ohann  of  ruHiiitanw,  which  is  lowered  to  4Hi«- 
ninth  of  that  in  the  oark.  The  action  i«  attrilmted  to  ohan{;M 
of  nioloouUr  ngf[regation,  or  a11olr<>]>y,  and  to  aelenldes  always 
found  to  1>e  praM&t. 

13&9.  8fJ*»ium  eelU,  ait  the  roociviac  appanitna  are  called,  are 
nude  in  difl«n:iit  fonnK,  the  obj«ct  Iwmg  to  obtain  aa  low  a 
rotdatancu  aa  poiwiliU',  with  a  amall  Mirface  to  nceive  the  lighL 
Varioua  motalM  may  l>o  umnI  u%  clMtnxloH,  bnt  Htlvor  will  not 
Muit,  beoauae  it  iit  atiungly  turinA  on  by  aclenium,  nor  will 
aliiminium,  beoanw  the  two'  will  not  tinite  at  all ;  platinum  is 
generally  used  aa  tao«t  pcnuanent,  but  otlion  prv'^fiT  copper  or 
brtM :  lat^r  exporimeiitom  find  that  aotenidM  of  ooptiur  are 
fonueil  with  thvRo,  wliioli  incnaae  aonaitiToncea  while  they 
introdnoe  olommta  of  iiu>ta1>ility. 

■  369.  Mereaiiei'*  mrly  oelht  consisted  of  atripa  of  motallio  foil 
with  narrower  stripe  of  paper  botwoon  lh«ni,  wonnd  tightly  in 
A  Hpiml  and  tho  Hpnooe  HUmI  with  the  solonium  whilo  w>  metal 
ie  )icAto<l  to  tho  pr^por  point. 

Mtnadifr'i  improrrd  cclU  consiat  of  a  donblo  apiral  of  platinum 
wire  laid  on  fine  emorj*  cloth  :  this  ia  laid  on  a  diahs  of  heated 
metal,  and  a  rod  of  i^leniuni  robbed  on.  Cella  of  }cx),ooo 
ohnu  havo  remained  inTariabte  for  ye«r8. 

For  Bpootmm  csperimenta  the  cell  mast  bo  mtflo  into  • 
narrow  strip. 

IJ70.  Mr,  Frilu,  of  New  York,  |  t3£7,niado  cells  which  Prof. 
Qnrlla  Adams  states  lower  in  rosistauce  to  one-half,  iinilcr  thu 
influence  of  a  candle  at  oue  foot  distan(«,  and  from  14,000  in 
the  dark  to  170  in  bright  sunlight  ;  another  lowered  from 
KXy/XXt  to  ^O. 

IJ71.  AntKAling. — lliis  was  flret  effected  by  prolonged  heating 
at  314"  C.  or  tho  point  at  which  the  particular  sample  has  tho 
moat  conductivity  (the  fusing  point  is  217"  0.),  and  then 
allowing  lo  eool  very  gradually  for  many  hours,  some  paasing 
current  all  the  time ;  catefttl  wamiing  is  now  fonnd  to  bo  au^ 
ficient,  takinz  care  to  avoid  t-xoeadTe  heat,  and  watvhing.tho 
changes  wbicn  occur  till  a  granular  snrFaoe  of  a  elate  oolotir  is 
prodvoed.  A  few  minutea  ouffico  for  the  process,  but  it  may 
need  two  or  three  repetitions, 

i}73.  Sulphide  cf  mUkt  ia  found  to  have  similar  properttee,  in 
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0omo  oontlitiotiH ;  tliQ  best  form  Appeart  to  liava  Iwon  obtaii»d 
by  M.  Moicnilier  by  electrolysing  •  solution  of  sciilitini  Bul|khid« 
npoa  A  nlvvT  electrode.  A  film  of  xnlpliide  of  iiilvvr  U  tlitu 
obtained  wbiob  okd  be  sepanited  by  warnilnf;  tb«  silr^r  plat*: 
it  is  Uid  it|xin  «  ahoot  of  asbestoa  pafwr  and  two  livIiMoi  of  iran, 
platinuiB  or  Hilv«r  preut^d  upon  it  witliont  boat.  Tho  r<.-KiBtaiu» 
u  tawh  1ms  than  tliat  of  •eleDium,  bat  only  mull  K  M  F'e  esa 
be  ued  with  iL 

IJ7}.  Gtoat  oxpoctatioDa  won  baaod,  some  years  ago,  on  tbesB 
Botioos ;  we  were  Koine  to  too  ftt  a  distmnoo,  as  vro  boax  by  the 
lelephotie.  llut  all  this  bns  died  cnti  because  the  uoreaooaable 
aotidpations  wore  not  at  onco  realised  j  as  iiumediata  rsBolts 
baTO  Men  attaiuablo  in  other  fields  this  has  been  neglected. 
Uwpoedier  in  France,  and  Shelfard  Bidwell  in  England  ore  the 
only  people  who  have  cared  to  work  at  it :  however  it  will  eoim 
to  the  front  a^ain  some  day,  and  offers  a  good  prospect  now  lo 
the  patient  and  oHrEesl  csporimenlalUt,  for  whose  sake  I  h»M 
thought  it  well  to  give  so  much  spaoe  to  a  subject  uot  of  Im- 
U)edmt«  iiupoi-taKce.  It  may  be  noted  that  Mr,  Biilwpll  has 
suggested  the  nse  of  selenium  in  autouiatio  ligbteni-up:  he 
oiraiigt'd  a  current  to  work  a  relay  wheu  the  light  iutettxity  full 
to  a  fixed  point ;  this  actuated  a  switch  whidi  tiimeid  oo  the 
eleotrio  or  gii^ -light. 

IJ74.  pROToi-uoM?. — Wiltonghby  Smith,  bendos  disoorering 
the  action  of  light  un  ^ijbuium,  wsh  the  Snt  to  "hoar  a  ray  of 
s)inlight  full  UTiuu  a  bar  iitoludod  in  llw  oireuit  of  a  tvleplunie." 
OtliciK  alni>  hail  couCL'ivud  the  same  idtia,  and  wnro  worldnjr  at 
it,  but  Pruf.  Bell  in  coujuuotion  with  Mr.  Taintor  was  tbefintt 
to  pvrfccl  uu  ajiiiuratutt  to  traiiMnit  siwoch  by  a  ray  of  light, 
•luiI  to  reolixO  what  he  citllcKl  "  the  extroordiDory  sensatioo  of 
hearing  »  beam  of  nunlight  taugli,  cough,  and  sing,  and  ttXk 
with  artiailnto  words." 

'I'liis  is  offcotod  by  prodaoing  ondulations  in  the  light 
intensity,  oorrospooding  to  the  air  waves  of  sound,  and  ty  tbo 
niw  of  Bolunium  reovivunt  of  low  rosistanoo,  snah  as  )oo  oksu 
whon  dark,  reduced  lo  150  in  tho  light. 

'175'  'fhere  are  %-ariouB  modes  possible  for  producing  a  r&y  of 
varying  intensity,  and  as  a  mattor  of  Carious  scientifio  interesti 
wv  may  note  the  suggestion  of  passing  the  light  first  through  e 
Nicol's  prism,  and  then  sending  one  of  the  pdlarized  rays 
through  n  glass  tube  containing  bisnlphide  of  oorboa  or  othfrr 
rotatory  liquid.  Tho  wire  from  a  telephone  being  wound  in  a 
h«lix  round  tho  tube,  the  varying  current  oanaed  by  speeob  in 
the  telophono  would  vary  tho  rotation  of  the  liquid,  and  tlum- 
foro  also  tlio  quantity  of  light  pusing.    lu  this  way  a  solatioD 
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of  sofpa  taighl  be  made  to  report  upon  its  own  eaocbarltio  viUu« 
by  the  stiength  of  it  note  paMiil  into  the  eonoineter. 

i}7&  Th«  »imvlf»t  Irantmttter  consists  of  »  plauA  iniiror  of 
flexible  Di&teriiti,  niicn)iK<0[)u  glaatt  uiiawc-riiig  pcrfooUj:  thia 
Ibmia  the  front  of  a  uliaml^r  &Uci\  wiOi  unptiakiiig  tiitw,  tn  foot 
reuinhliiig  *  tdephone  Aim  with  its  lower  fuou  mmlo  into  a 
reflector,  wliieh  would  toad  k  nflH-ttHl  liDnin  i>f  light  tlirough 
the  apaoo  of  till' iiiiignvt.  A  Htruiig  bvitiuuf  li);lit.iitv<>iic«ntnt«d 
upon  the  oiiddlo  of  tliu  niitrur,  luid  aftur  relloutiun  i»  rnootved 
npon  ft  oondoiimr  nnd  rendcTcd  pHTHltel,  ho  tut  tt>  bo  trwiatuitt^d 
to  a  disUnt  pftnibolio  roflectcir  which  conceutrateK  tlio  ny«  upon 
the  fuc6  of  the  Mlvniuui  rof^oivor.  Thu  whulv  ruy  pnrnvm  thus 
wh«n  th«  mirror  in  q^iiii-vccnt,  bnt  tliu  iiupod  ugKin  it  of  sonnd- 
wavea  diatort^  tho  iniiror  Murfnoo,  and  rxndiiriug  it  morv  tir  lew 
convex,  iiroportionalljr  Mattcni  lh«  rcfliictc-d  rays  boj-uml  the 
edge  of  tlie  oondMUting  lena,  nnd  titurofortt  vftriiti  tho  tilrcngth 
of  tho  Ituniiititm  bttun  transmittAd  to  thu  receiver. 

Ij'77.  Ulasiail  $cwi^  out  bo  more  perfectly  trunnaittcd  th»n 
imeeoo,  and  tuiy  duairvd  not«  Cttn  I10  produond  bv  tho  jierforatcd 
duo,  S  I J  59-  Such  notes  can  «lr>u  bo  oonvortcil  into  signoU  on 
tho  prin<upl«  of  the  Mono  atphsbct,  by  meana  of  a  hoy,  which 
interpoaea  ui  opaque  screen  in  frout  t>f  tho  opening  in  the  disc 
so  SB  to  produce  periodB  of  sound  nud  Bilcnco  to  represent  the 
dot  and  da«b  aicinais.  Whoro,as  in  war,  a  beam  of  light  might 
bo  a  source  of  lungor,  a  dark  ray  may  boMrvicgablg,  g  i}8i. 

i}78.  UiXECT  I'HOTOPHOiifiB. — Prof.  Boll  obsorved  in  hifl  oxperi- 
mcnU,  that  the  interniittent  boam  gavo  out  aoiindti  when  wmply 
falling  upon  a  disc  of  resonant  material,  without  the  aid  of 
tho  teleptione.  Further  osperimcnt  in  conjtinotion  with  I*rof. 
IVod*]!  showed  that  nearly  eTcrj-  Mubetanro  trio!  in  a  thin 
duq>hragm  gavo  oat  sounds ;  attributing  tiiis  to  sudden  expan- 
sions and  contractions  duo  to  tho  abtwrptiun  of  boat,  they  tried 
TapoiiTB  coDtaioed  in  a  tost  tube  fitt«d  with  a  hoaring  tube ;  it 
WW  found  that  the  vapour  of  snlpliiiric  ether,  which  is  power- 
fully abeorbont,  gavo  out  notos,  whilu  biHulphido  of  carbon, 
which  is  dia-themanous,  was  silent.  We  nave  bore  in  faot 
sound  produced  by  noleciilar  Tihratioua,  just  as  in  tbo  case  of 
the  telephone,  j  i)ij- 

t37<^  Hut  it  is  very  doubtful  whether  tho  sounds,  or  the 
molecular  expansions  resulting  in  sound,  aro  due  to  tho  utr/tua 
on  which  the  radiant  energy  is  Tcccivcd.  It  is  found  that  a 
tabe  oontaining  loosely  packed  spongy  materials,  which  have 
no  nscoant  properties,  gives  out  the  best  sound,  and  also  that  a 
aurfaoe  ,whioh  when  qnite  clean  has  little  power,  beoomet 
sonoroiH  when  onoked,  i.  e.  coated  with  lampblaok,  which  is  a 


well-known  powerful  absOTbont  of  ntdmnt  oD»rg^.  Tt  nppMn 
th«r«fore  that  the  true  oauee  of  the  nnncl  i»  similur  to  that  of 
th6  motion  of  the  radiometer ;  that  it  ia  tho  aaergy  talun  ap 
hy  m<i1oou1ea  of  air  in  conUct  with  the  rocoivinf:  aarfaooa.  AJt 
iii  i  ilo6,  thu  enerf^  traTeraes  air  itself  without  heating  it.  litil 
the  akwrbeut  enrfaoea  at  onoe  transfer  the  host  to  tho  air  in 
Gouta^t  with  them,  and  this  air  instantly  has  an  impulee  to 
motiuii  which  ){eneTat«a  a  sound  w»t«. 

ij8o.  Mr  \V.  H.  Proeoe  suggested  this  explanation,  and 
demonsLratod  it  by  using  a  case  or  tnhe  contaioiiig  a  epiral  of 
fiuo  wire  throu|;;U  which  au  inlermittont  tnirrent  was  paaeed; 
this.  goDeratiug  beat  imptilaes.  gave  out  a  BoaD>l  from  the  ttihe 
BtniiUr  tu  thoeo  produoed  by  the  ezt«rnal  ray.  Pttrhaps  even  a 
more  striking;  evidenoe  is  given  by  the  action  of  a  flaek  whidi 
filled  with  dry  air  givoa  no  eonnd  as  a  reoeivor.  but  does  if  filled 
with  ammonia  vanoor,  whidi abewbs  energy :  adilTerenpewludi 
apiilii.'H  to  the  whole  range  of  gasea  and  vaiKitirs,  which  TywUll. 
in  his  '  Heat  aa  a  Mode  of  l^Iotion,'  has  anown  to  be  divtaible 
into  aliaorbeTs  and  transmitters  of  energy  aocX)irding  to  the  «m- 
plexity  of  their  niolectitar  oonstitntion,  the  more  complex  being 
"  reduoed  "  to  simpler  forma  by  the  act  of  reooiving  energy,  tho 
fnndaineutal  Uw  of  chemical  aotiona,  and  of  tho  fonotions  of 
vegetable  life. 

i}8i.  The    different   capacity  of   different   aubstanoee   fiir 

l^boitrbing  nvdiatit  energy  an  light  and  heat  is  mentioned  S  taoii 

■pd  the  fact  that  the  aume  BulmtaiiLe  haa  very  different  relations 

E%  rays  of  different  refrau^bility, 3$  it66  aud  1191.     This  it 

strikingly  illustrated  hy  glass,  whioh  &eely  transmits  light 

rays,  yet  iuteroepta  the  long-wave  heat  rays. 

'Ebonitf  lias  jnst  reverse  properties :  it  is  quite  opaque  to  Ughl, 
hut  in  thin  sheets  a  strong  Ught  may  be  seen  tbrongh  it,  u  • 
dull  red  colour ;  that  is,  it  transmits  the  lowest  of  the  red  ny*, 
and  pomiita  the  ultra  red  rays  to  pass  freely.  If  a  sheet  at 
ebonite  1)6  held  in  the  path  of  the  mya  aoting  on  a  selenium 
reoeivor  it  ]'reveuts  the  production  of  sound,  ieoaiue  the  chief 
action  on  selenium  is  due  tu  the  yellow  rays  which  ebonite 
nhUMS  to  transmit :  hut  if  the  receiver  ia  an  ebonite  disc  or  any 
Bftterial  acting  by  liiint,  S  1  p3,  the  interposed  ebonite  produoi* 
little  dimiuutiuu  in  the  ai>unu.  The  effeot  is  that  au  invisifalo 
beam  of  radiant  unergj-  fulls  upon  the  receiver,  which  way  then 
^B  called  a  thtrmo-phone. 

B,ij82.  Tirr.   iNnucro-riioNE.— When  two  spirals  of  wire  an 

HHIbA  parallel  to  each  other,  but  unconnected,  any  eorrent  In 

I'iH'Sauoes  a  cunvnt  in   the  oilier,  tlih  being  the  baala  of 

induction  coil  action.     The  quaulitalive  offoeta  vaiy  as  tliu 
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Hqnftro  of  tli«  distance  of  two  parallol  coilit,  wul  tbu  action  is 
greatly  ioflaenoed  by  thot9i>  c^mdit.ions  which  catiM  "rotoida- 
tioD  "  and  Uiennmbpr  of  bTeakfi  of  circuit  per  second.  Willonghbjr 
Smith  applied  this  oclioo,  and  oxaintnc<l  its  details  Id  a  popor 
Tend  to  tne  Stwioty  of  Telegraph  EnginocrH,  8tli  Nov.,  i88j,  in 
which  is  trocod  out  the  influence  of  dia)ihrngniB  of  mstoriats 
int«riHned  betiro«D  the  tvro  spirals.  Tho  cfibct  of  such  screens  is 
clearly  du«  to  enerinr  absorbed  and  giTon  out  at  coch  change  of 
condition,  an<l  thfirefore  varies  with  Ui«  eopaeitg  of  tbc  aiibstanoo, 
and  with  the  rate  of  tho  ohangee.  Tho  disc  of  a  t«lcphono  acts 
OB  Bodi  A  Boieen  and  ootoatea  the  tolophono,  and  oven  gives  out 
aoirndsbyitoelf  when  placed  in  tho  lines  of  force.  A  small  spiral 
travernng  the  t»ee  of  a  large  one  measuros  tho  liuce  of  force 
procoedine  from  tho  different  parts. 

138}.  TKi..E-nioTOri[(iriiy. — This  apparatus  for  producing 
picttiros  or  writing  at  a  distance  is  aa  application  of  tho 
properties  of  eeteniiini.  in  conibinittion  with  the  chemical  tele- 
graph. In  this, as  described  $  ]i^-}-$,  a  coloured  mark  is  made 
at  a  distance  when  current  is  trnnsroitted,  and  a  fa<«iniile  of 
tho  original  may  be  produced  in  the  form  of  a  series  of  data 
and  lines.  .\  oontinnoos  onrrent  of  greatly  varied  intensity 
would  result  in  similar  vaiiatious  in  the  intensity  of  the  lines 
produced  ;  and  ouch  a  variable  correDt  is  prodncible  by  changes 
in  the  resistance,  whioh  ohonges  ore  producible  by  light  acting 
on  seleninni. 

Ur.  Shelford  Bidwell  made  an  apparatus  for  this  purpose. 
The  tronsiuitler  is  a  dark  box,  ooutaiutng  at  one  end  a  eeloiiium 
oell  forming  part  of  the  line  circuit,  ana  fat.-ing  a  small  bole  at 
the  other  end  ;  the  box  is  mounted  on  on  axis,  so  as  to  move  up 
awl  duwu,  each  upward  motion  corresponding  to  one  rotation 
of  the  rt'ceiviiig  cylinder,  and  ao  to  one  line  on  tho  drawing 
prodnoed.  The  box  also  moves  sideways  at  each  stroke,  to 
oorreepood  to  the  distance  of  the  lines  apart.  ITie  face  of  tho 
box  corresponds  to  the  screen  of  a  magic  lantern,  and  the 
picture  to  be  transimtted  is  thrown  Upon  it  continnonsly,  so 
that  the  pin-hole  is,  so  to  speak,  an  eye  by  which  the  selenium 
cells  looks  the  picture  over,  and  receives  tiie  intluenoe  of  each 
part  successively,  as  it  tiavenes  over  the  space  filled  by  the 
picinn!.  When  a  dark  line  is  thrown  on  the  bole,  the  reeistanoQ 
inorcancA,  while  a  white  rx.rtiou  hhIul-ch  it 

Tho  transmitter  is  really  a  diffen-utial  instrument ;  it  rcoeivca 
the  line  ourreut  at  one  terminal,  and  Uiat  of  an  oppomd  local 
bottery  at  the  other,  the  line  being  also  0ODaecte<l  to  the  other 
poU  of  tho  battery,  and  reaistanoes  ao  arranged  that  the  local 
Mttary  acts  oud  makes  a  mark  whenever  a  dark  linr 
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proiliioed,  and  thns  Iho  tnvoning  stylo  prodnocB  oitli«r  dd 
notion  at  all,  or  oolonmd  IIdm  Taiyinz  in  depth  of  bono  in 
oomwpondence  with  the  amount  of  light  falling  npon  tbe 
Mleninin  c«ll  from  the  distant  tnuMmitting  illominatvd  pictnm 

i;84.  HudUEs'  IsnccTiox  Balance. — ThiatDitniinvntiabMed 
upon  too  prindplee  doBCribed.  5  515- 

(d)  It  oonaista  of  two  straight-aided  cups  or  cylind^ni  of 
wood,  OT  other  uou-ioetallic  auhBtanoe.  iuoutit«d  on  a  hoard  at 
Inaat  }  feet  apart,  and  cqnalljr  romorod  from  atijr  metallic 
Bassos.  Each  cylinder  contititutoa  an  indnvtion  ooil.  hanM 
two  aoparatc  coils  of  wire  (sav,  e«ch  too  yards  of  No.  ]2)  plaoei 
pnrallel  to  caoh  oUier  on  tlie  cylinder.  Two  corraepondiiig 
ooils,  connected  in  aeries,  oonetitnte  tho  "  primary  "  or  indooii^ 
systoii),  in  whicli  is  introduced  a  battery  and  any  conrent«nl 
nntoniatic  contact  break,  snch  as  a  clock,  fittvd  for  tho  pnrpvat, 
tho  Bonnd  of  which  ought  not  to  be  hoard,  so  that  it  ia  hiTSt  in 
another  room.  The  otoer  coils  are  airangad  with  roTorso  octko 
to  nentralize  each  other,  and  a  teloplume  is  inserted  in  ihmt 
circuit  which  will  reproduce  the  tick  of  the  break  if  tboio  is 
tho  least  inequality  of  indnction  in  tho  two  paire  of  ooila.  A 
suitable  galvanometer  might  be  nsod  to  givo  vi»tblu  inalnul 
of  audible  evidence,  and  would  niMsun:  thu  aotiou;  but  the 
telephone  is  tho  most  sensitive. 

(b)  E-Mfl  adjustment  is  flffooted  by  making  one  of  th«  ooili 
movable,  tind  fixin);  it  at  BUOh  a  point  as  is  found  to  gire  ntt 
sound  in  the  normal  couditiou,  for  which  purpose  tho  ooila  ma^ 
be  made  on  light  reels,  aliiling  on  the  cylinders,  or  tho  oylinden 
themselves  may  have  a  screw  joint  in  their  middloM,  by  whtuh 
a4jn8tment  can  bo  effected. 

(r)  Now,  if  any  substance  whatever  be  inaortod  io  no* 
cylindi-r.  if  it  has  either  inductive  or  magnetic  capaoity,  it  wiU 
disturb  the  equality,  and  sound  will  be  heard  in  the  telephomt, 
varying  iu  intensity  with  the  capacity  of  the  stibstmioc.  if 
two  maaacsof  the  same  substance  be  placed  in  the  two  cnpi^ 
any  difference  iu  weight  or  form  will  manifest  itmdf. 

(d)  It  is  evident  that  if  Uio  principle  of  adjualmeut  be  oarriad 
further,  a  scale  of  induoUoD  oould  be  prepared  giving  thfl 
quantitative  relations. 

(e)  In  the  course  of  time  important  nses  vrill  be  foimd  for 
this  instrument.  Thns,  it  will  at  once  test  spurious  coin,  for  if 
It  good  coin  be  plaoed  in  one  cup  and  a  suspected  one  iu  Um 
other,  tho  telopnono  will  at  ouce  speak  for  its  character.  Tho 
chief  dilBculty  is  the  f-reat  delicstcy  of  the  inelrumoQt,  as  a 
dilforence  in  weight  will  cause  it  tti  oumplsin. 

(/)  It  was  employed  to  endeavour  to  discover  Uie  looalily  of 
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the  bullet  ill  the  cnse  of  PKwidciit  Garilvld ;  but  it  was  deoeaved 
b;  tlie  preeonce  of  tuctallio  springn  tu  the  bed.  Dndoubtedly 
BHch  KppHcatioiui  will  yot  be  made  A  Hplint«r  of  metal  in  a 
floger  DM  boon  di'toavvrcd. 

i}65.  HuoiiKt'  SoNOUin'KX. — Thia  ia  a  special  furm  of  the 
balance  adapted  for  vxaiuiniiig  oither  the  loudness  of  souuda  or 
tbs  capacity  of  aav  oar  for  dintin^uiahing  auuuds.  It  couuata 
of  a  gradnatod  rod  mouatod  o&  a  fraiu«.  At  oue  end  of  the  rod 
is  fixed  a  ooil  A,  laoh  vt  jnitt  deaoribv<l  for  the  buUuce ;  at  the 
other  end,  projootinK  beyond  itta  au]>port,  in  a  amaller  ooil  B, 
containing  1  yard  ol  the  wire.  The  twu  ooila  are  ounneoted  iii 
BUch  a  way  aa  to  have ^opixwitv,  but  of  oounn  unvijuul,  ('ITootH 
upon  a  coil  C,  similar  to  A,  and  xlidiiig  upon  tlie  bur.  Of  couraa 
relative  Duami-fs  will  cuinpuntktte  fur  diuoreucu  of  puwer  iu  the 
two  coils,  Btid  the  teiisth  of  the  bur  (usually  200  uuUiiiietres) 
shniild  bo  Hiicb  that,  wliun  tlie  moving  ooil  0  ia  placed  oloae  to 
tho  aniall  cnil  B,  tlie  must  veusitive  ear  shall  disoover  no  sonud 
in  a  telephone  iiieludeil  in  the  oirooit  of  0,  due  to  the  brcaka 
made  in  tbo  drouit  of  die  two  fixed  ooila  by  a  clock  or  uiher 
break,  in  the  same  way  aa  deaoribcd  for  tlie  balauoe. 

A  tcale  of  auditkiH  can  thus  be  ohtiuned,  as  an  absolutoly  deaf 
peraOD  will  hoar  nothing,  even  when  C  ia  fully  inflnoDCed  by  A 
by  being  brought  closo  to  it,  and  othcnt  will  begin  to  hear  tho 
ticking  at  different  diatanoos.  The  eoale  will  also  give  a  range 
of  aeaBitivcnvHii,  ita  u  certain  dtHtamw  will  bo  found  betwooa 
the  pointa  at  which  a  isound  ia  lost,  nitd  that  at  which  it  is  again 
peroeived. 

tjS6.  Ediso^i's  MiOROTUUMKTBn. — This  meaaurea  tho  minutest 
changes  of  praesaro,  and  thoreforeof  beat,  of  moisture,  andmany 
other  sgeaotos.  It  ia  in  fact  tho  tmnamitter,  $  t  j  34,  in  which 
the  vibrating  diio  is  loplaeod  by  a  rod  of  a  iiabetance  to  be  ex- 
amined. It  oonaistfl  of  a  solid  iron  bod  with  two  brackets  out 
with,  or  fitted  rigidly  to  it.  To  one  ia  attached  an  cbouito  disc 
with  a  central  chamber ;  through  the  middio  of  this  passes  a 
flat-headed  screw  laood  with  n  platinuio  disc  which  receives 
current  from  a  binding  screw  on  tho  bracket;  on  tho  disc  lie* 
the  carbon  button  with  another  platinum  electrode  as  in  the 
transmitter,  connected  to  the  battery.  On  this  lies  a  cup  lu 
receive  the  end  of  a  rod  of  material  to  be  tested,  tho  other  end 
being  supported  by  a  similar  cup  fitted  on  a  slide  in  the  other 
b»wet,  the  poMtion  of  which  can  be  adjiuted  by  a  screw.  Of 
course  the  arrangement  might  be  vertic^  instead  of  horizontal. 
A  suitable  galvanometer  is  in  the  cirouit,  and  the  initial  pressure 
is  so  a4|iisted  that  only  a  small  deHoction  is  produced. 

A  strip  of  ebonite  placed  between  the  oupe  shows  extreme 
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eenBttiTeottM  to  boat  ohangca  which  uro  not  nuuiifested  by  tb 
tlu>nQO-pil« :  »  liand  held  ftuiiio  inohM  away  irill  give  a  defl«0- 
tioD.  A  strip  ofgetatiuu  proiluocii  the  Mutio  nA'cct  hy  absorbiD^ 
moieturo  from  datup  puper  j  iiiohu  dutant. 

For  extrvmoly  tlolicato  ubaervatiimH  the  instmme&t  is  pUced 
in  on?  «na  of  n  WIk'hIhIoiio  hriilgo  mnH  baUnced  by  a  reaiBtai)c& 
It  would  njipuiir  that  tliu  OiHfcruntiAl  principle  would  be  moat 
perfoct ;  two  ta«imotora  bnUnciDg  oaob  other  eo  as  to  n«utnli» 
Burroaoditig  aotiona,  whil«  tho  ioflnenco  to  be  tested  was  cm- 
c«iitTst«d  upon  onv.  Howwor,  thogrontdifficoltyofthoiiMtrn- 
meat  ia  its  oxtn^me  M-iMitivoii<;iw.  It  ought  to  be  placed  apoo 
a  perf«ctlv  n^id  niipportr  froo  from  all  vibration. 

■  }87.  1  UKituo-ELEcTiuciTir. — Tbo  dhi^t  cooversioa  of  b«l 
without  tho  intermediary  «toam  boilor,  ongine,  and  dyoainoi  h 
a  tempting  field  for  work,  but  ho  far,  nil  knows  meaua  ar«  man 
esponsive  than  tbo  soominsly  rouadabotit  prooeos,  b«uanaa  tlw 
efficiency  of  coavereioa  of  energy  U  extrerody  lotr.  Only 
about  3  per  cent  of  the  heat  in  oooverted  into  «Iectno  tttorgf. 
It  would  neem  probable  that  by  HatTooDdtng  ilues,  obimnii^ 
and  upcast  ahaftBofuiines  with  suitable  thernto-eleatroolomenU, 
a  good  deal  of  waste  heat  might  be  ntilised,  or  tlie  Teverw  proocM 
baa  been  proposed,  to  make  stoves  the  casing  of  wkiofa  ROnotatM 
electricity,  while  rndiatots  diffuse  the  tmoouTerted  oeat  foor 
purjioaee  of  warmth. 

ijSS.  Uoat  in  a  vibratarv  molecular  motion,  diflVunng  onergf 
in  nil  diroctioua  iu  equally  oouductlve  matter;  aleotricily  i» 
a  molecular  motion  tianamittiug  ener|;y  iu  »  linear  path- 
Hust  subetaiiccs  have  a  aimilar  ooodaolivo  ratio  fur  tmtb,  but 
for  heut  thtt  conductioti  U  slow,  while  fur  olcotrioity  it  ia 
tnatantaneous.  The  relatiuu  between  the  two  appoiLra  to  bo, 
that  uloctridty  in  its  trauainiselou  always  generates  btinl,aud 
that  heat  in  lU  trauunisaiou  acta  up  an  £  U  P  wliorvvor  it 
OKMMca  a  junction  of  two  dissimilar  molwular  ocmditiuns,  tlie 
direction  and  the  degree  of  thia  E  11  F  depending  on  the 
apecifio  proiierliea  and  vnuditiona  of  the  aubatanooH,  (  6o6. 

1 389.  Moieeular  dijfenmett  underlie  the  action,  for  aajr  mtAttvAur 
rhanifK  will  HOl  ii  up.  I'hua,  it  will  ooour  in  a  lunglo  wire,  if  a 
portion  iti  filod  away  ao  aa  to  make  a  gretit  dilEoreooa  in  the 
Iteat  capacity  of  the  metal  in  Ihe  two  dtiwctionK ;  a  stroaa  upon 
a  part  in  exceMt  of  iho  eliwlio  limit,  or  hardening  in  the  oaee  of 
atuel,  makoK  the  two  partit  act  liku  different  inetato.  Or  if  a  hot 
wire  be  put  in  contact  with  a  cold  one  of  the  NUao  motal  it  ia 
found  to  be  positive,  booauao  the  beat  suddenly  pujaia  over  to 
the  cold  wire. 

Two  pieoee  of  the  name  iron  wire  will  form  a  couple  if  one  of 
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them  is  magnotind  by  a.  hclts.  Even  Uw  difibreooe  of  »n«ngo- 
ment  cftusM  1»j  rolling  mutil  iiito  ithntbi  U  ofliictaki :  m  pioco 
cnt  L  ehnpo,  ou«  Mm  with  the  ^miu  and  the  other  rwroH  it, 
oonetitul4«  n  tbormo-oloctxio  oouplc. 

t}90.  Tho  motolH  which  difltir  miiat  in  this  rvapcot  luiTO 
Otlior  important  dlrtinctionM.  Thiw,  U.  Jotibin  hiui  shown 
('<'ompt<^8  Rondtui,'  Kobrtury,  1S91)  that  them  ia  »  reUtion  to 
iDoleoaUr  volnmo ;  thitt  inotole  classify  tli«)niielTus  npoo  two 
ourrw,(i)in  which  tho  nnmbor  of  moleoales  por  nilumoia 
propoTtioDAl  to  the  f-ixth  root  of  th«  K^wicifii-  rcMvtanm,  thom 
ueing  mafiptctic  snbstancos,  And  (2)  invorm^ly  so  proportional, 
thene-  being  diamftgnotio.  Curves  very  olixwl^  similar  aro 
derived  &om|th«  thormo^lootric  reUtioDS,  showtng,  as  is  dono 
by  BO  many  olhor  facts,  tliat  tlio  molcciibir  Ntraotim  of  matter 
is  the  real  cause  of  phcnoratrDO,  to  oxpbiin  which,  properties  of 
the  ethor  are  bo  readily  mntiufn«tuix-d. 

1591,  Tho  4-.  or  potitite  mctnl  or  substancy.  iji  that  whence 
«  oorrent  passes  acro»«  thv  hoated  junction  within  tlio  syalem. 
Tliia  oorrespondB  to  the  tino  in  a  battery.  The  G  M  F  doponds 
(t)  00  the  speoifio  sKbstuicM,  (3)  on  tfao  dtfTerooco  of  tompera- 
tnre  at  die  two  juDCtions,  taking  as  a  type  the  simple  osit 
element  of  two  wires,  say  iron  and  Oerman  silrer  soldered 
together  at  both  ends,  aud  the  heat  applied  at  one  junction : 
iulerm&tiat^  junctions  do  not  affect  the  resnlt,  because  they 
neatralue  each  other.  Thu«,  either  the  iron  or  the  German 
■ilver  win  but  be  out  and  joined  to  *  copper  wire  forming  a 
galvanometer  eirouit,  without  affeoting  the  E  M  P. 

■  191.  The  abWu/e  mean  Itmptroturt  of  tho  two  jnnotions 
varies  the  E  U  F  for  a  given  diiTerenoe  of  tompeiaturo,  and 
flVfln  its  direeliun;  thus,  near  ^00°  C.  copper  and  inm  ar« 
nentra),  but  below  that  copper  la  +  to  iron,  and  above  it  inm 
is  -f.  to  dipiKir.  This  change  appears  to  ooour  at  a  "  critical 
point,"  ut  whii-h  sofuminK  or  some  moleoolar  rearrangement 
oocnra.  Tlie  Peltier  aud  Thomson  effeots  rererse  in  like  manner 
at  special  teuperatons. 

i}91.  The  following  fignres  show  the  EMF  of  rorious 
metals  with  lead  near  tiie  ordinary  temperattma,  calenlsteil  hy 
Jenkin  from  Blatthiewen's  experiments.  The  value  is  in  micro- 
volts |>er  degree  Cent. : — 
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]}$4.  Some  alloys  are  fonnd  tnoet  powerftil,  capecuUy  aft«r 
ft«qu«ut  meltings.  Maroua  used  a  Qmnau  lulvor  u  -f-  mstaJ 
composed  of  to  copper,  6  zino,  and  6  nickel,  and  for  —  metal  aa 
alloy  of  11  antJmoDy,  ;  eIdo,  and  5  bismnth,  and  other  alloyi 
are  used,  bnt  it  is  ooTious  that  alloys  moat  be  snbjeot  le 
steady  dclerioratiou  by  the  htiat,  and  a  breaking  dovru  of  tiwir 
■tntotnie,  snob  as  oocura  spoataneonsly  witli  braas. 

fialena,  snlphide  of  lead,  and  ppWfsc,  Hulphide  of  copper,  ban 
beeo  used  as  materials  for  pilaa,  aa  alaa  otner  non-motallio  oon- 
doetors. 

i}95.  TlioniBon  effcet. — If  li  n-tro  b  beat«d  at  one  spot,  the 
best  will  extend  to  equal  diittAnceii  on  etuh  aldo ;  if  currant  b 
pitfscd  this  equality  will  be  diitturlmd,  and  tbe  beat  will  extend 
further  ou  one  (tide.  In  copjior  the  uurrent,  aa  it  wore,  drivca 
tbe  beat  before  it,  in  iron  it  draws  the  l>oat  towanis  it.  Soma 
speiUc  of  this  tut  the  "speoiGo  boat  of  electricity,"  -which  tbej 
say  iii  +  in  WPP°'  ''"'^  "  '"  ■'^'»  •  ^'  ^^  >*  *  phntae  withoal 
meaiiiDg.  The  action  itaolf  Mrres  to  ucasnro  the  thermO' 
electric  oapadty  of  a  sobstanoo,  and  beoauso  it  is  nil  in  lead) 
tbnt  mctiil  RiTvcs  as  the  datum  of  comparison. 

The  qunntilij  o/hoat  carried  by  tbe  current  is  pnnwrlionol  to 
the  current  etrongth,  the  absolute  temperature  and  a  eanstaDl 
for  euob  mctnl : 


Cadminm      J'^?^ 

Antimony      — 7*061 

Bismuth       — j'909 

Gunouu  Silver     3 '560 
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1196.  Peltier  effect. — A  curretitpamingacroesajuuclionortwo 
disBimilnr  metals  abwrbs  heat  (that  iH,  cxils  the  junctions)  if  it 
passes  ill  the  direction  of  the  current  which  heat  would  prodace. 
If  it  paasQB  in  ihe  opposito  direction  it  piodnoes  heat,  in  osooss 
of  that  due  to  tbe  resistance.  There  is  an  endeul  oBalogy  hon 
to  Leoz's  law,  J  950,  and  a  further  ovideooe  of  tlie  depeadenm  of 
the  pheuomriDa  upon  molecular conditious  aud  actions. 

tyjT-  THEKMO-ELEcruio  I'lLts. — For  sdentiSo  pnrpOMN  these 
are  uenallj  mado  of  bismuth  aud  antimony,  beoaiwe  thoM  giTo 
tbo  higbebt  K  M  F ;  the  motab  ore  oast  aa  small  iquan  rods, 
with  Inge  on  the  ends  for  connecting  together. 

In  airoases  the  edges  should  be  oarefollj  united  with  1 


TaiBiio-iiLnTraiicnT. 

suited  to  tfaotamperatim  tobetuod.  For  Urge  )>ilM,  oHiwoUlly 
when  high  Umponture*  mto  to  be  iwed,  a  pUte  of  mcUl  should 
be  intorpoaed  to  Mt  m  oolkotor  of  th«  heat  aa  one  end,  itnd  w 
ndiatur  on  tlie  other;  copper  in  Ixwtt,  as  a  good  conductor, 
where  the  hemt  ia  not  too  griMt ;  ud  the  cooling  end  it  uliould  be 
painted  witli  Uiupblaolc  und  aize.  Thcee  collecling  plttcs  or 
rodii  CAM  h«  exposed  to  direct  heat  which  would  ruin  the 
elements,  and  might  be  built  into  the  walls  for  the  purpOMB 
indicated,  $  i}87. 

Dr.  Gore  deacribed  a  pile  made  of  German  silver  wire  '  7  mni . 
and  iron  wire  '  5;  mm.  mounted  on  a  frame  so  that  the  ends  dip 
on  one  side  into  melted  paraffin,  and  on  the  other  into  non- 
volatile petroleum  or  thin  madluDeiy-oil  oontatned  in  tnraghs. 
ilo  finds  with  i^;  pcun  and  a  difference  of  110°  C.  an  E  31  F  of 
I  'Oo;  Volt  or  'cwooSi  per  pair  per  degreo  C.  which  io  snitabla 
fbr  mcavarini;  E  M  F. 

The  oombinatiou  of  German  ailror  and  iron,  thouch  not 
powerful,  is  a  rvry  ooDTouioot  one,  not  apt  to  get  speedily  out 
of  order. 

i;9S.  C7aiaa«uf«piIeozeitedgroBtexpectatk>nsiN>m07a«naga 
Hv  uowl  inpn  fvr  +  elenoat  in  the  form  of  sheet  tin  Mat  into  « 
cup  with  nn  inwiinl  projootioo  or  dovetail.  The  —  oUtmont  was 
n  1>ar  i-j  inohcn  lonz,  and  J  by  i  inch  in  width,  of  two  ]»rta 
anlinHmy  and  one  of  xino;  theao  were  oaitt  in  a  mould  contatn- 
iug  a  iilivel  iron  cup  at  each  end,  with  projoctiuiui  for  uniting 
the  parts  together.  These  wi^ro  mounted  in  circles,  and  again 
ranged  to  suitable  height,  the  wliDle  being  bound  tc^ther  and 
iuaulatGd  with  powdend  iuilii.-iit<M  and  nuluble  glaaa.  The  heat 
was  applied  in  the  tube  tliuti  fuiiuud,  with  a  protecting  cyliader 
of  fire  clay,  between  which  and  tl^  Caoe  of  the  elementa  the 
boated  products  weie  drawn  downwards  by  a  flue. 

1)99.  Soe'a  yiU,  though  less  ambitious  than  Olamood'a  is 
mtloh  used  in  Germany  for  laboratory  purposes,  to  replaoa 
latteries :  it  is  made  of  ticnnau  silver  and  sino  antimony.  The 
end  of  the  —  bar  is  cast  into  a  cup  of  braasor  Gorman  silver,  into 
which  a  Genuao  silver  wjra  cnten.  aa  also  a  projecting  copper 
rod :  twenty  such  pairs  are  arraDgod  in  a  horizontal  circle  with 
these  rods  poinljng  to  the  centre,  so  as  to  reooivn  the  heat  of  a 
Bnnson  burner,  which  they  carry  to  the  end  uf  the  clement. 
The  outer  end  of  the  btir  is  Koldered  to  a  ]>Uto  of  cupgwr  termi* 
ttating  in  a  cylinder  of  the  height  of  the  lUdtmmvnt,  up  which 
a  stream  of  air  is  drawn  to  oool  the  outer  junctions.  The— bara 
are  about  1  inch  by  |  inch  in  dimenoious,  about  *0S5  ohms 
reaiatauoe,  and  giro  almut  -0666  Volt  £  U  F. 

■403.  Oatdura  j/He  is  the  latest  oaudidato  fcr  &vour:  it  ia 
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oompoaed  of  tnlw*  of  ptire  nickel,  in  wbtcb  a  smeM  gfts-jtt 
bams,  and  rodit  of  an  aniimouy  alloy :  it  te  claimed  that  a  net  o( 
50  oonplefl  gWum  4  volis  wiib  an  itit«nial  rMiataAoe  of  -  ^  olim, 
with  a  o()T>.iuiiit>ti<m  of  6  cubic  feet  of  gas  [Mr  hoar ;  this  may 
oonsidered  an  ttiuivaleut  to  a  corraot  of  4  am{>fiTes  in  an  exte 
di«ait  of  *5  ubiu. 

1401.  Ejieieney  of  Thtnno^Hea. — If  wo  take  these  fignrea  aBd 
ledaoe  them  to  the  terms  of  coet  por  ttnit,  $  iio}.  we  luire 
4*  X  ' ;  =  S  Joules  or  practically  1  cubic  foot  of  gae  per  Walt 
botir.  which  ia  1000  cubic  feet  per  D  0  T  unit,  or  a  ooat  of  31.. 
which  is  to  be  compared  with  the  cost  by  battorica.  $1110. 

It  is  stated  by  exporimoiitori  that  tbc  avornge  vonantnptiaB 
of  fn*  in  go<xl  theniio-pi1e«  w  105  ctibic  feet  por  Kilo-watt  bonr, 
which  ie  the  BOT  unit,  wliilo  thut  of  electric  current  fh^ni 
a  gM  coigine  at  2 1  feet  per  H.P.  hour  and  a  dynaniu  vffioiea^ 
of  85  per  cent,  woiibl  Ixi  55  cubic  fwt. 

1402.  Thnrmn-iyilrt  have  their  pmf.tieal  hte,  therefor*,  as  con* 
naient  itub»titutL-a  for  Imttvrim  in  privikte  xab,  beonoso,  wjiart 
f^om  qucatiotiH  <if  c«»it,  they  ^^l  rid  of  the  tremble  and  attention. 
Aa  thermu-pilcM  ur«  urububly  injured  more  by  heating  and 
cooling  than  by  work,  many  might  find  it  aiu-antageoiis  to 
keep  one  oonatuntly  in  acliun,  charging  acoumnlaton,  and  OM 
these  iu  i<]ace  of  the  more  trouhleeome  batteries. 

Tiiiir  dravibuek  is  llie  tendency  to  get  out  of  order  and  break 
down. 

140J.  Their  lam  ejifieney  at  conMrlfn  of  energy  ia  duo  to  their 
ready  iliiiBi)mtt(>n  of  heut  by  oenduction  in  the  nuifHca  of  Uie 
metut,  su  tli»t  only  a  small  projiortiou  of  the  heat  energy 
supplied  is  taken  up  in  the  i>ileBi,a8  in  other  cases  of  oombnstieat 
and  of  tliia  only  a  eiuall  part  in  converted  into  eleotrio  onergy 
and  sent  into  the  circuit. 

1404.  CossEKVATioK  or  ELOTnuaTY. — Thia  is  an  idea  set 
forth  about  the  same  time  by  I'rof,  8.  Tbi>m]>eon  and  M.  lipp- 
oann,  but  with  some  diffeivnces.  U.  Lippniitim  onibodica  weU- 
known  facte  in  a  malhcuiatical  formula,  and  Prof.  Tbompvon 
wys  the  doctrine  "  Icaclios  that  we  can  neither  create  nor  destroy 
oloctridty.  though  wo  may  alter  its  distribution."  The  doctrine 
appears  to  have  no  real  meikning  at  all,  and  is  only  intolligihie 
if  we  coiisiilcT  electricity  to  be  an  actual  entity  or  fluid;  in 
that  oa«v  it  is  uf  onirao  indvstrucliblc,  like  matter  and  onergy. 
All  tha  fikots  ooiinocted  to  the  doctrine  are  cqunlly  oonristent 
with  the  oonoeptiun  i>f  electricity  oh  a  molecaUr  ootion  of 
euurKjr,  bcoansc  the  Diolwnlar  ur  etfoiTalent  oonstitntlon  of 
matter  in  llHolf  uuuhang<>d,  ami  the  "quantitative"  moleotiUr 
ootion  which  in  known  as  "  olvolrio  quantity  "  ia  ulao  tlefiaitOk 
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and  must  tharefon  retDAin  oooalant  throogh  ftll  tho  ohftogoa  of 
electric  aotion, 

1405.  Elbct«ic  Wkldiso. — Tliia  prooesB  which  proiauwa  to 
become  of  groat  importaikw  in  the  arts,  origitMtt«d  in  the  nbunr- 
valiou  by  I'r<>fi>s«or  Klibn  Thuiusoo  of  the  joining  together  of 
two  wire  ends  in  some  of  hie  ex]>cnn)onta.  There  arc  now  two 
modes  in  n&e  which  act  iu  eotireiy  <lillcrent  mnnnons  the  direct 
current,  and  tbo  are,  and  each  has  its  ■pocial  titncwea  The 
^mukI  fcaltiro  of  the  direct,  tbe  ThoiDKOD  prooc»s,  iji  that  the 
tuwtta  generated /rMi  wifj^in  fAi>  wflat.  which  i»  tlierefore  not 
liable  to  bo  burnt ;  tite  bent  is  b1k»  moot  Nlmcgly  generated  at 
tbo  part*  which  arw  imperfectly  unitnl,  tbut  in,  whore  it  ia  most 
wnntod.  The  pruoow  cnni>iHt«  in  fixing  the  twnvndiiiii  manBive 
clamp*,  whiub  are  urraug«d  to  proM  tuwarda  i^atih  other,  aiul  so 
W)UO«ae  tlie  metal  tofntbor,  aa  it  MoflcnH  ;  tliiK  ivMtl*  iha  grain, 
OS  the  blaoluruitba  call  it,  and  caaws  a  local  tlitekening,  wbicb, 
where  poaaible.  i«  hainmored  dowit  to  the  regular  aik^,  and  in 
other  cassB,  turned  or  filed  down. 

The  oUm|is  aru  tbo  teriuitiikU>  of  tbo  oouductor  carrying  the 
cnrr«ut ;  this  may  be  a  dir<!Ct  one  from  adynamo  or  eeooDdary 
buttiTv,  but  ia  nior«  usually  aiwl  conveniently  an  alt^rnatiug 
one  from  a  tr.tuefunnor.  The  ourreuts  are  very  large,  but  cnly 
one  or  two  roltti  ar<r  needed  :  the  am]>rree  deiwud  on  tbe  nature 
of  tbe  metal  aui)  it*  area :  1  inch  ronnd  iron  takiug  5000  ampiree 
for  40  seconds,  and  x  inch  10,000  amiiiree  for  ^  aeconda,  tbe 
power  consumed  b«ing  alwul  7  H.l'.  per  )  inch  eqnare  of 
MCtion.  Il  is  beat  to  lunke  tho  enda  eltKhtly  conical,  bo  aa  to 
begin  iho  work  in  tbo  iiiiddlu  i>ud  make  the  joint  wichuat  mnob 
pnaring  out  of  the  m«ul. 

1406.  All  tbt.<  m«taU  and  alloys  oaa  be  welded  with  proper 
piMBulions  not  only  to  themselvett.  bnt  to  others,  though  of 
OOUivo  tho  m>'re  perfectly,  the  more  nearly  alike  thoir  softening 

Joints.  i'rofoMor  ThomsoD  exhibited  at  Paris  in  iSSj,  a  bar 
tha  of  nn  inch,  made  up  of  nine  loetala— coi^r,  brass,  iron, 
Qennati  «ilv<ir,  briuis.  tin,  sine,  tin  and  tend.  Brass  is  com* 
monly  joinwl  to  iron,  and  oven  caBt-idm  can  bo  welded.  Th« 
atroiigliiH  of  iho  wiitds  are  found  to  he  orer  90  i>er  cent,  of  tbat 
of  llie  metal  bars. 

1407.  This  jnoCMB  is  not  rsadilv  np{>Hra1>ht  l'>  ctoaod  objects, 
as  Uie  current  would  pass  the  other  w»y  ri>uiid,  tliough  it  la 
potable  that  this  may  \>v  g<it  nxci  wJtli  alternating  ciiri'dDta  by 
"dwking"  this  other  circuit,  by  moans  of  induvtaiieo.  But 
Hnka  of  ch^iina  hare  been  made,  and  oould  easily  he  mailo.  with 
two  joints  butted  together,  instead  of  one  weld  as  usual,  and 
possibly  cylinders  for  ateam  Ixnlers  might  be  similarly  made. 
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1408.  Aro  Witi-iiiNf). — This  WM  introduced  l)y  Dr.  Bomardo. 
who  contifctcd  tlio  two  Bnrfnci'»  of  the  moUl  to  UiP  —  ootidaotor 
of  a  Bocondnry  hattory.  and  nn  arc  cArbon  to  tho  +  t«!rniit)ttl : 
the  otijeot  ia  to  avoid  the  btirninzof  tb«  metal  which  is  oa- 
veloDt-d  ID  the  carbon  vnpniir.  This  procoH  ia,  of  ooureo,  nrao- 
tioalV  identical  wiih  thrwi-ll  lcni>vniproc>emof  "loa<l  burning," 
tho  bent  trftvolling  alung  th<^  line  of  junctiOD,  and  if  nciociHUkry, 
Fnigmontji  of  the  in«tal  worktHl  int'j  tnoojwningtt.  I'but  htm  the 
great  u<\vniilitga  of  enabling  lopaim  tu  be  efiTectcd  to  inachinory, 
&C.,  in  n'/u  ill  many  catWK.  It  iit.  however,  doubtful  vrbotbor 
tliu  mcital  is  »f|iorf(.'Ot<iuulity,Lliiihe*t  being  externally  apiilled 
and  not  aJjuttling  itttell  Hpuiitaueously  to  Uie  reqiiirvmuuta  ax  in 
the  other  ami.: 

Mam-»,  Lloyd  i  Lloijd,  o{  IlaleHowen,  have  applied  tliia  proo«« 
Iar|>ely  in  making  welded  pipes,  but  tjiey  rev«rae  the  direction 
of  ilie  current  mentioned,  finding  that  wiiU  the  irou  aa  +  longer 
arcB  are  obtainable.  They  also  use  tbearc  to  replaoe  theahcanug 
and  ohippiuK  proceeees,  and  cut  iron  into  any  deaired  ahape,  the 
arc  nieldiig  out  a  line  of  metalataquick  rate,  and  aervinj;  many 
other  purposea  to  more  advantage  tban  fire  heat:  they  follow 
tho  aio  up  with  the  hMnmer  (sometimes  cloctrically  worked), 
as  the  niL-tal  winiply  nin  loj^tber  is  crystalline.  They  uac 
large  seoondary  batterieB  of  the  riBnt4  type,  aa  theae  alaud 
Bivtden  calls  fur  Urge  curreat  deliveiy  better  than  the  pwtod 
cdIIe. 

1405.  The  iltitrz  Radutioss. — These  have  played  a  great 
part  in  rccont  theoretical  diacuBsions,  and  tbdu^h  sj^ace  will 
pi.Trait  only  a  flight  doeoriptiun.  this  may  assist  r«adera  id 
glutting  Homo  i'lcac  ideas  about  wliat  is  nsually  bnried  ui 
matlicinutical  formuln  and  pure  hypotheses.  To  get  *WgB| 
from  then*:  it  is  absolntc>ly  noctwaary  to  fix  the  mind  npoo  amP 
n'-jiatytte  fioinl  in  turn.  8  t^'A- 

14 10.  Tbe  ai>pai\ttua  oonsiata  of  two  paria,  1  the  aoiiroe,  the 
vibrator  or  oxcdlatcir,  i  rhe  rccoivor  or  reoonator,  and  it  ahould 
1)0  niulized  thitt  thin  luit  naino  anatn««  tlie  explanation  of  tb« 
uctiiin.  'I'hti  Kiaret!  gr  oacillator  i«  a  condenaer,  or  circuit 
hiiviiig  iinliietauoL',  and  an  opi;ning  or  "apark  gap":  tho  tntfl 
Kouioc  tH,  however,  an  iuduoliuo  ooil  Bonding  aiice«aaivo  cbiirgea 
into  the  condenser,  and  thia  latter,  by  "surging"  oonwrts 
each  eoil  spark  or  charge  into  a  suoDCKHion  of  to  aitd  fro 
osuillatiuns,  the  rate  of  which  depemla  uu  the  capacity  of  the 
oondoDser,  H  $14  aud  916:  each  oscillation  therefore  iinpliwi  a 
to  aud  fro  sway  of  tho  di-eleotric,  ie.  UDdulatioD  in  ilit  anb- 
stanoe. 

1411.  The  resonator  is  oC  varied  form;  it  was  at  finit  b 


of  wire  with  n  pqmrk  gap,  but  is  iiflu&lly  &  txmdauM', 
ooasisting.  liko  the  vibnitor,  nf  two  motallio  rarCujM  hanging 
in  tho  umo  pUncw  the  twv  jHiim  fnoiiig  each  oUwr,  S  512. 
WhAteT«r  the  r<mn.  it  in  nconnhnry  tlmt  tho  two  RpparatnH 
■honld  ho  tiin«d  togothi,T;  in  other  wordi),  thoy  shuiuil  haru 
cK|ua)  capruitirJt.  rniif,  where  winM  aro  iorolvod,  their  longtbe, 
ico.,  must  bo  roUtcd  to  caoh  other,  and  tu  tho  mto  of  ribratioa 
•vt  lip. 

1411.  Dr.  0.  Lod^'tt  apparaltu  is  on  tlto  saino  princip1«s. 
He  QMS  two  itiinilar  Leydmi  jura  with  similar  wire  dreuitu  to 
OAuh.  t,  The  "otcillator,"  ia  coniioctvd  to  tlH>  ooil  and  a  wire 
circuit  from  tho  uut«r  coating  to  a  "  npark-Kap  "  at  the  Icnob  of 
the  innur  oouting :  3.  the  "  resonatur '  is  a  Jar  of  tlie  ninie  vise, 
Gtted  with  a  wire  drciuit  of  two  wirea,  with  li  orotu  wire  which 
can  be  uored  about  in  ord«r  to  "  tune  "  the  oirunii^  or  in  other 
words,  to  equalize  Ibeir  oonditions :  when  thna  tTined,  and  then 
only,  aparlm  in  th(^  seemdarg  or  indaoed  oirouit  acooiujmny 
tfaoae  at  the  frimary  jar. 

141}.  All  the§e  arraageaantB,  whal«T«r  may  be  tho  otM  as 
to  the  roBiilts,  are  purely  oor  old  wiell  known  apparatiu  for 
indiictiuii.  and  this  is  clearly  lihown  in  tho  latort  una  of  ap- 
pfiiatus  u^ed  in  the  most  recent  and  intereotinf;  researches  of 
31.  lIloudl<it.  H^  Dses  a  vibrator  consisting  of  two  eeaniciroulur 
wires,  with  a  Hpark-gap  at  the  points  conncotad  to  the  coil,  and 
a  pair  of  condenser  plates  oonneoted  to  the  ends  at  the  Other 
siae  of  the  drde,  these  plates  being  movable  in  onlor  to  vary 
tho  capacity  :  tho  resonator  is  a  circle  of  wire  laid  near  to  and 
parullol  to  the  vibrator,  but  opened  at  tbo  point  over  the 
primary  Hpark  gap,  and  extODdod  there  into  two  long  pamllel 
wirrtt,  with  a  HhiftiniC  bridgo,  just  as  in  that  of  Dr.  L(»1go.  Bv 
ihix  ni<?au»  tho  Bo-cuIlcd  "  roto  of  undulution  "  cun  bo  moaaiired, 
or  ill  otlior  words,  tlio  rate  of  propagation  in  tho  wire,  no*  0/ 
tiMric  unHulaliorw  ns  is  luuwrlod,  but  of  the  auocowivv  itapnlaw 
iiuimrtod  to  tlto  molooules  of  tlio  oirauit. 

1414.  Here  wo  may  see  tho  importanco  of  itotaliitg  eacA  fael, 
i  140^;  wo  am  doaling  with  a  irarii«orphon(>incna,a  snoooesioD 
of  +  and  —  i(iipulHi:a  :  we  call  tliis  an  ultoriintiug  euirait  in 
Bouie  cujwn,  but  wlien  we  go  down  to  the  fonndation  ot/att,  wo 
find  that  wo  are  deMliug  with  ineroly  tlw  conditions  of  the 
oouunendng  and  ending  of  suooessive  onrrents  of  infinitesimal 
duration;  it  is  eatimated  that  tlio  period  of  the  Hertx  undu- 
lations is  ,j.,^.jpth  of  a  second :  none  the  Icbh,  each  is  really 
a  rarrml ;  the  facta  of  each  separate  nndulatJOD  are  tlioso  uf 
S  49fi  and  Fig.  5^. 

141J.  Tbe  action  at   the  vibrator  is  called  a  "  radiation" 
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tranamittod  acroM  cpnoo,  u  wttli  IJglit,  to  tho  ovdllntor.  Bot 
«)ikt  is  mount  bj  wis  word  "  rai.IiMUoti  "  ?  lit  wlint  happens 
tboro  dttfcront  from  wlutt  lutpponfl  in  ovcrjr  condotuwr?  Is  U 
not,  lirHt,  tho  prodnction  oT  linvs  of  foroo — not  frotn  vibr&tor  lo 
osvilliitoT — but  butwMD  tho  two  pUtca  of  Htn  vibrator  itaell^  » 
oooditioD  of  "  chaiws"  of  tho  prinutry  condoDser? 

That  18  tbo  fint  not  to  bo  iaoUtoiI,  in  nccorduico  nith  all  our 
Icnowlcdgo.  Thu  action  oro«a»  spBov.  nud  it  luay  bo  taken  aa 
proved  thnt  it  <loe«  ao,  u  it  oIko  tniv«»o«  vrir<«,  I  i  to,  nt  tbo 
apood  of  li);ht:  it  may  bo  bjr  tho  otltor  or  hy  air.  it  ilnoe  not 
c<»)t.i>rii  TIM  now;  wo  want  to  undcinrland  now  what  **  radiation" 
niMDH.  Wo  know  how  tlm  radiation  i>f  the  light  of  tlio  epark 
crooHiM  lliat  •[Mice ;  it  triiTL-U  oiitwnnhi  in  all  dtrt>Ctioiis  ta 
Ktrai^ht  lines.  Wu  know  that  the  two  platvn  of  thu  otmdiniaer 
arc  in  different  olccttic  «oiii!iti<>ti<i,  -{•  and  —  :  in  tlio  radialioa 
twofgld?  and  if  ao,  what  kuo]iH  tliti  two  from  jolnine?  Is  it  a 
itinglu  i|uiiHt,v,  a  counuenoing  uniliilaiiim  purclv,  aucii  a<  light 
onrtainly  iH?  if  so,  what  is  ihi-  loUlivo  funvtiun  of,  andnuod  for 
tho  two  condenser  plat«a?  Let  um  tunik  tbu  aoMwer  in  known 
facta. 

t^t6.  ThiH  itn)iiiUo  ia  merely  tho  coromeDoenieut  of  a  earrrol, 
S  1414:  what  would  happen  if  the  current  were  L-outiniied  ?  the 
imuiL-diatu  exteDMou  into  spaoe,  not  of  rays  from  thu  plaui^ 
butof  ciirriHllineH  botwoei)  tboplutm:  tho oaac  iji  atndiod  f  131. 
Fig.  24.  uiid  ia  dtrictly  aualo);oua  to  tho  aulting  up  of  tho  mag- 
netic Ik-ld,  3  9^4,  h'ifg.  77,  AVe  may  Hay,  however,  that  it  is  o^ 
to  cuuwtToa  BOstained  eti«ssBprcadinK  outwards  iolu  MniBoo,a(ul 
yet  ask  what  otiues  a  fitre<ss,  which  boa  ceasi'd,  to  ooiiunue  atill 
lo  travel  onwards,  why  'la  the  lines  expand,  and  so  roavh  tbo 
Oacillator?  Is  it  a  fact  tliat  they  do  ao  be/ore  (Jt«  »lr«n<tiuff 
The  action  travels  many  ft-et,  a  good  doal  further  than  oxpvri- 
ment  has  looted  in  tho  period  of  an  oscillation.  But  thoro  WO 
other  explniiations  to  be  considered, 

1417.  When  wo  throw  the  stono  into  tho  pond,  i  1 1$;,  wo  aw 
an  expandini'  circular  wave  formed,  whicli  wo  lui^bt  oomptue 
to  the  expanding  curved  line  of  force;  we  should  he  wroi  ^ 
liocatiae  the  coiitiniioii*  circular  wave  ia  not  a  reality,  thore  it 
relation  between  its  parte ;  tho  truo  action  here  la  radial, ' 
apparent  circle  only  rmnlts  from  tlto  radial  indop«ndent  aotl 
lining  c'lunl  nt  all  partii,  liocaiuo  in  ono  medium.    But  we  know 
tliat  an  cl<'«trical  iinpulso  can  and  dov*  travel  after  the  im- 
proKVod  foioo  ocaaea:  it  doOM  ho  in  ofthlon,  S  506:  is  (here  aay 
leaaiiu  to  Huppuao  a  line  of  force  can  aiinilarfy  trnvol  oDwaidB, 
as  ihe  watvr  wave  api>v»ni  lo  do?  is  thoni  anything  to  replace 
the  radial  impulse  oi  the  atone?     We  can   find  this  in  the 
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oErcuUr  ma^etio  field  wliioli  soirounds  every  elMtrio  line  of 
force:  wetutgfatfiitdit  in  ttuttmoawntain  wbicbmnstftooonipany 
«leotriu  profwefttloD  if  it  is  coniwoted  with  molecular  motiou. 
But  tliis  wouM  take  too  much  apace  U>  follow  op ;  here  it  ie 
«uou)|;h  to  show  Uiat  the  dootriue  of  pro[>iigatiou  by  ra>liatioil  is 
«  mere  hypothesis  and  is  not  oeoeaBary,  white  opposed  to  tho 
koown  facts  of  electricity. 

1416.  The  point  of  luoment  It^ra  ia  that  the  actual  faotfli  tho 
expennentftt  ranlis  lolate  wholly  to  the  propagation  of  a 
distarbance  artificially  prodnc«d,  to  a  motion  which  ia  of  nooos- 
sity  aodulatory  in  form,  becauae  it  is  lythmically  gonorated 
mm  snooeeeiTo  distinct  impnlsea.  The  hyptithetiosl  oxplaaa- 
tiona  ar«  applied  entirely  to  the  nattiro  of  the  transmiKnon  of 
electric  action  itself,  n-itK  which  the  oxperimonto  have  ao  mors 
to  do  than  the  mechanically  net  up  nDdiilntioDS  in  a  ropo  Usto 
to  do  with  (he  natnrv  of  the  nervoiu  power  which  origiaatsd  the 
impulaos.  S  ii^• 

1419.  TheriMl  iotorect  of  the  Hertz  KsporimoDts  iit  in  Ilia  dl»> 
OOTCry  that  the  impnUoa  oonld  be  rvflocted  and  refructud,  as 
lizht  and  DOiind  can,  and  traTol  in  plauwi  which  pi:nnit  their 
polariatliou,  a  oircumntjuicu  which  Id  ib<«lf  iihowa  Uiut  thej  an  1 
not  rays,  btit  llnca  which  imd  ptuw  through  wiro  ftoreeiu  whea  1 
pusllel  to  them,  while   they  are  nt'-ppod  if  they  cross.    He< 
•bowed  that  tho  nndulnliunK  travelling  nutwanls,  oan  txarena; 
SOU'MncliKtoni,  but    when    foiling    ii|Hjn    a    metal   >be«t  srs  1 
refleoled,  and  then  aot  jiiat  like  the  wiitt:r  waru  when  it  reocJiC* ' 
tho  edge  of  tli«  pond  and  rotumH  tiptiu  itM^f :  in  this  wuy  he 
was  sblo  to  locate  poiuta  of  intorwuiiou,  nudutt,  fixed  ploct^a  uf 
Uaximnm    and    uiiiimum    action,  whvru  the  re^ouaior  would 
sot  or  oease  to  sot,  juat  like  the  croMiiug  of  the  waves  in  water  ( 
but  tliey  diCTer  in  this  respect,  that  these  so  called  electric  •mcmi 
have  no  esistenoe:   one  eleotrio  impulse  complete  in  it»lf, . 
i  1414,  moving  ontwards  and  being  reSected,  mr«ts  an  altogether 
newly  originated  electric  impalse  which  in  this  kind  of  ozpori*  • 
mcnt  is  rythmic,  and  pioduees  apparent  warcn  simply  boauias 
the  moleonlar  impulses,  while  each  independent,  nro  made— 
nHcfaanically,  to  follow  each  other  at  regnlar  intor%'nle. 

i^30.  Et.tXTRO-HAUNETic  fiEiiJLSiOX. — ^mo  of  the  phenoRioas 
of  alleniatingciUTi'Dtsand  their  magnetic  fioliU,  wlii>'h  urv  of 
givat  intorest  and  probable  futnre  practical  rnluo,  n-ere  l>r'<t);tfat 
into  notice  by  Professor  Eliha  Thomson,  and  a  iiiU  ik-oouuI  in 
given  in  a  pepcT  rood  totlieSooiotyof  Arts  Inr  Professor  Fleming, 
14th  Hay,  t8^  Tho  most  striking  vxpenmouts  show  an  ap- 
parent rfpuliiion  by  whiclt  maMo*  of  ooppor  an  kept  floating  la 
the  air,  but  which  Im  the  rMUlt  of  the  interaction  of  ele^rio 
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ourrenU.    Thus  a  oop)>er  rin^  will  rise  aboro  tjio  mn^ot,  nnd 
renutin  there,  held  down  by  cords,     A  still  rnoio  striking  illii 
tntion,  more  easily  shown  by  ordinary  appliances,  con siit Id  of 
ooil  or  inenUted  wire  »tt«cbed  to  an  inctndwfcont  Ump 
jilaced  in  a  eUaa  veasel  containing  water,  and  standing  over 
waftuetio  pole:  ourrvnt  induced  in  th«  oail  manirotttn  ibwlf  in 
twowaya;  i,  it  ligbts  the  lamp ;  3,  tbe1amp«ndcoil.i(woight 
and  force  are  adjusted,  rieo  and  float  in  the  wittor. 

Id3i.  The  force  geueratml  is  proportional  to  th«  mean  Mqnare 
of  Uio  current,  $  4}!,  that  ie,  to  tne  onrrent  onorgy :  but  tlio 
effect  depends  ujKtn  the  c«nduciAnco  of  tho  iudtic«d  KabtttaQM: 
thaa  it  can  bo  weighed  by  di«cs  of  difforont  ii)«talK  of  equal  atze 
and  thickueas  sn«pendcd  to  a  bttlanco  over  the  doIo,  when  the 
T«eult  is  proportioned  to  tht^  conductivities  of  the  difibrent  mataK 

that  thia  action  would  at  onco  distinguish  a  silver  ooiu  fnim 
^^Iwd  one.  Also  a  radial  cut  in  tho  disc  or  noU'CompU'tion  of 
rircnit  in  n  wire  prevents  tliu  tttbd,  as  does  the  int«r]WKitioD  of 
a  metallic  tcrccn. 

Hotntion  w  prodnt-rd  in  pivoliid  discw  when  a  condaotor  is 
pfu-lly  inU^nKwrd  lictwi^.-n  tJieiii  and  tlie  pole  so  as  to  intereept 
part  of  thv  lini^H  of  fortiu  and  niit  up  diflereuiial  attractioDS. 

1412.  Thuro  is  no  rokl  n^jmbitrfi;  the  apparent  repellent  aottoo 
ia  like  othen  which  havo  been  studied,  a  differential  reUtioa 
betveon  i«-o  oppo<ing  fielda,  Thcao  phenoiMiut  are  indeud  the 
long  known  uctKiiia  of  oluOtrO'Riacnetiam,  the  slow  falling  of  a 
mebd  di^u  rotating  in  a  fi<;Id,  but  niodifiod  by  the  rapid 
reversals  of  thu  fi«Jd  and  eunent:  wo  have  the  efleuts,  not  of 
oonlinuouB  current,  but  those  of  beginning  and  ending  currents, 
aain  S  i4i4< 

143].  When  a  closed  ring  of  wire  is  held  in  face  of  an  eleotro- 
KWgnet  pole,  with  the  turns  pamllel  in  both,  it  ia  subject  to 
two  actions:  i,tho  intlnction  of  the  priiuary,  or  magnet  coils, 
noting  upon  it  aa  a  secondary  oiiouit ;  a,  the  lilies  of  force  of  the 
magnet  traverse  the  ooil  and  act  on  its  wire,  jnst  as  a  bar^ 
magnet  entering  them  would.  Both  actions  tend  to  set  np  a 
momentary  cnrront  opposed  to  that  of  the  electro-magnet, 
which  ia  in  fact  nn  opposing  E  M  P  to  tbo  G  M  F  or  inductive 
force  of  the  primar}',  §  950 ;  as  theso  conflict  there  is  an  appar- 
ent reptttmtm,  tho  ooil  would,  if  froo.  give  a  swing  from  tbe  pula 
ontwurds,  as  though  it  followed  the  stream  of  energy  issuing 
from  tli<!  magnet.  At  broak  of  circuit  tho  reverao  action  oocnrs : 
the  induced  coil  is  thus  Knhject  to  alternato  impuIsM,  and  if 
the  "  frv(|iiency  "  of  tlicse  iniputniw,  vrero  adjusted  to  tho  **  tlma 
of  ST<,-iiig"  of  tlie  coil,  regarded  aa  u  jx^ndutum,  a  regular  and 
growing  vibration  would  bo  set  up. 
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1424.  But  cause  and  cOeot  can  Bover  bo  ^mohronoui:  tbe 
MUM  mnet  precede  the  effect :  henco  the  inducine  E  Kl  F  rises 
Homewhat  in  admice  of  th«  curve  of  lite  indnce^  cunont  set 
lip,  or  as  it  is  more  comntanly  stabx),  tho  current  la^t  bvliiod 
till}  F.  M  F ;  their  phaiff,  tins  create  of  ttwir  waTOK  Oilfor.  Bnt 
the  n-Hnlt  in  that  tlto  indnccd  cnrrent  of  aiui  imjiulav  soin«wWt 
OvC(la]>H  ihn  jtrxl  iiKlncing  iiii])u]tN)  of  Uio  pnmarr,  wkI  tbe 
fllTtot  of  thia  u  to  dimiDiah  tho  period  of  tbe  attracting  actiona, 
aud  prolong  tho»o  of  tho  opposing  onea,  and  thuti  to  cnange  tbe 
to  and  (Vo  tiwiiiK  inlonoonatantjor  rattier  a  prorniling  tondenojr 
ontwarda  (tarn  tli«  nia^:ii«t — Rppaivnt  repulmon. 

141;.  Tho  effect  of  tntorporiii^  »  ini'tallio  Hcroeu  ifl  tbna 
oomprebentiiblu :  it  abncirlw  the  iiitlticin^  6uerg;y  in  iu«!f: 
cttrreata  fiinn  in  it,  anil  ntpidl,r  hvat  it :  it  iu  fact  playa  exactly 
the  part  of  the  aliiliiig  tiilie  in  Uhi  coil,  i  1 1  jo. 

1^16.  Tesla's  Exprbimekts. — The  Bp«ciality  of  these,  aa  dif- 
ferinj^  from  tbe  familiar  induction  coil  cxperimenis,  is  beet 
dcecnbed  in  bis  own  worda  ('Jonrual  of  lie  Institntiou  of 
Electrical  EDgiaeers,' April  iSqi):  "  We  operate  the  coil  either 
&om  a  epeoiallf  oonatmcted  alternator  capable  of  giving  manjr 
thousnnciaofrevflrsalaof  current  per  second;  or  bydiBraplively 
di^cha^giu);  a  oondenaer  through  the  primary,  Vio  bct  up  a 
vibration  in  the  aeoondaiy  circuit  of  a  freqaeucy  of  many 
hundred  thousands  or  milllouH  per  aeoond."  Insteadof  a  direct 
current  interrupted  at  most  a  few  hundred  times  a  second  by 
tho  break,  we  nave  alteruating  currents  either  produced  very 
rapidly  or  setup  by  " oscillations,** S  1410. 

1437.  Instead  of  the  oidinary  lighlniu(;-like  discbargo  of  the 
ooil  <ir  mnchino  spark,  a  {wolooged  bmeb  discharge  is  otitained, 
filling  ibo  apace  between  two  puallol  wirce  forming  tho 
terra  inals. 

When  two  snob  fine  wires,  many  feetlong,  are  I'oiploycd,  very 
IntvrrMting  effect*  ate  produced  :  they  can  ho  n*td  eeparalely ; 
M,  Ti-nln  diatrilmled  them  each  upon  a  fmnu',  *o  aa  to  build  up 
the  words  William  —  Thomson,  when  tho  two  were  illuminated, 
to  all  app«nranc«  independently  of  dacb  other ;  tlieru  are  iu  faot 
many  «x)>erimeni«  whicli  appear  to  indtcata  tba  sapaiato  mani- 
festation of  -{■  and  —  conditions.  Itnt  we  may  be  sure  that  this 
is  only  apjutreut,  a  connection  acrom  ihm  intcrveniug  space  does 
exist,  aud  it  becomes  manifest  when  the  twuwit«i  are  stretched 
out  parallel  and  near  to  oauh  otlicr;  then  they  glow  in  their 
whole  length  with  manifest  action  on  the  intervening  space, 
and  with  cvideuce  of  tbe  KC|wrate  actions  of  each  iinpnlse,  pro- 
ducing waves  in  the  wires  as  in  S  I4i}- 

143S.  In  some  partially  esbauatttl  bulbs,  wiih  one  torminal 
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attnohed,  »  rotftting  bnuh  discharge  ie  set  un,  wlitcb  ia  wonder- 
fallv  Bensitivo  to  inagiKitism,  tho  direction  of  roUtiim  Wing  diM 
to  the  lincc  of  the  oitrth'K  field,  uiid  tho  caoso  of  Kilatioii  iUtiU 
being  Ihnt  cxplaitiod,  S  ■'434. »  difforeutiation  it)  tlio  durntiou  or 
etroDgthuf  thontk-nwtvirapiiUt-s;  the  bnuh  routing  for  omuwm 
BimiUr  to  thoso  which  cauM  diaoB  to  do  bo  in  tho  uanivtie 
field. 

1419.  Mttiij'  inti-ivoliiig  oxpcnmonts  wcro  miulv  combining 
Cnxiko'i)  viK-uti  And  phoiiphi>Ttwoviit  hnlbit  with  tlivM  cloclrio 
actionH,  nil  of  wliirli  fully  coiifinu  tbo»latonK<tit«of  S  1181,  llut 
th«  light  giving  vibm'ionif  iirv  not  "oU-otric  nnilulnlitmK,"  but 
moK'ctilnr  or  ntifinio  ribralioitt  I'n  mailirr,  tlio  mcs^liuiiicut  rwntiltB 
of  tliv  electric  diKlurlMROuM.  And  thin  i<  tiiv  tK-'ikchiug  of  fveTJ 
Jaet  it)  olL'ctriuity,  that  it  ih  a  function  of  niatlur,uf  luuttvr  Mud«r 
Btrttwv*,  dilitrilxitinff  uicivy. 

14)0.  8n'iMii.'it\KH  higb  (entioH  exptrfmtnU  at  tho  Oryvtal 
Fnlaou  linvt:  u  niicH;iitl  iut«n-!tt,  in  tltut,  working  with  1  }O.O00 
ToltM,  th«i  ii|i]iiinitun  vnut  of  the  oiiliuatj  ooimuitroial  type.  Tb» 
2000  vultit  of  a  Mortley  idteraator  wuro  trauHformed  down  to 
I  ;c>  volta,  at  which  the  iiiAui[mlat;onH  wero  enaily  aiul  oonifori- 
ably  managed.  Htid^hog  tianafonuerti  in  i>il  iuBolation.  S  1 160| 
then  miaed  the  voltug«  to  the  deiiired  [ixint. 

Vacuum  tubce,  with  no  cloaed  circuit,  bnt  baiiginf;  from  a 
wiro  over  n  ahuM.  of  tin-foil,  acting  na  a  couiienaer,  were 
illuminatod  iu>  in  S  11  Sj.  A  iipaoe  of  6  incliM  butwoeu  two  fine 
wir«a  wBM  traventi'd  by  the  Hparka:  when  an  arc  was  formed 
bi-twcen  two  ooppor  hemiaphem  of  4  io<ih  diameter,  it  roAo  ia  a 
curve, 

CilaiM  ]ilatee  wore  pieioed,  and  the  UBiial  claaaiflcation  of  in- 
Hulutora  slidvrn  to  W  o:ily  coi»[iarutive  by  the  aseof  alato  penoUa 
in  |ihwv  of  curbou  in  the  arc  lamp,  while  a  stiip  of  wo-^d  first 
shewed  itparkB  at  vaTiuna  partaof  its  Length  and  Uien  broke  iato 
fiaino. 

i4}i.  Ur.  Swinburne  ealimatea  that  2  ILl*.  could  bo  traiu- 
uiitted  to  a  motor  through  a  man's  body  wilhonl  injury,  but 
that  ia  an  Mlimate  which  may  not  bo  vory  soon  tramdatwl  into 
fact:  he  also  estimates  that  50  tl.P.  may  Im  tramsiDittiMl  at 
ij.ooo  volta  (soe  }  1115)  from  Niagara  to  London  over*  No.  it 
wiiM  with  a  lose  of  only  2  U.P. :  but  in  this  talo^ilaiion  ini|)»- 
dauoe  ia  probably  not  allowed  for,  and  nrtsinly  thu  wire  would 
DDt  be  enolowd  in  a  cable. 

I41i.  It  may  bo  nientionod  that  the  cnrved  arc  baa  bora  OOD' 
vortod  iu  Mr.  8icmon»cxperimont«  Inio  a  pair  of  nearly  vortioal 
columns  uuit«d  iu  a  mass  of  flaato  at  a  favight  of  3  to  4  in"^ 
M>  approximating  to  the  vory  romarkablo  exporimeuta 
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magnets  in  which  the  arc  has  been  divided  into  two  rertical 
flamea  appkrently  diecounec'ed,  an  effixit  reflnlliii);  from  the 
mutual  reactions  of  vetj  rapidly  ioUowing  iiupnbw  within  a 
magnetic  field. 

14J  J.  These  experiments  indicate  that  an  entirely  new  field  of 
res(>aroh  is  heing  opened  out,  and  new  aapecta  of  the  structnr« 
of  matter  and  the  operations  of  its  tillimate  partirl«a  presented  to 
ns.  But  this  differs  from  onr  old  electrical  studies  in  one  vory 
important  reepect;  the  electrical  stndcnt  could  widi  a  few  simpio 
apporatna  wbiob  he  could  make  for  hiRuelffromclioapmateriala, 
fijtiow  ont  the  most  important  and  interL-atio;;  stodics,  and  hope 
to  make  diaoov«riee  for  hinisclf :  this  now  field  must  be  remrvM 
for  those  pooKwed  of  custlj  apiMiatiu,  and  with  powerflil  etMrooa 
of  vnor;gyat  tboir  com  maud.  Tli<]  work  will  he  done  only  by 
Institutioiu  proridod  witii  cumpluti:  phyHioal  labomtoriofl  for 
invoatigntion  and  tonching,  or  elJw  by  tho«  who  can  aBord  to 
upend  much  in  tho  hope  of  di«coT«riiig  aomothing  commoicially 
proGlahlo. 

14)4.  But  already  tboy  uro  nbowing  how  inconsistent  with 
facta  IS  thv  «therial  and  vxtonial  theory  of  ininxmiesioii  of  clcctrio 
onorgy  from  thosourccto  the  point  of  ox}>oniiiturc  Evcrywhero 
wo  ^tt  tho  energy-  led  by  a  cloood  circuit  between  the  (wo  polea 
of  the  aonrco:  ormwhcro  wo  find  it  transferred  to  a  Bcoond 
circuit,  uleotrically  cloeod  cither  ci'nductircly  or  inductively,  and 
always  by  the  agency  of  tho  ]>r«dct«rn)tned  maguoiic  field 
produced  )>y  the  primary  cJrcalt,  an  i-xpluinod  in  tho  chapter  on 
Current,  SJ  id—-},  Ac  In  n»  Miigle  nno  has  any  fact  boon 
brought  to  nhow  the  tranitmiNiiiou  of  wierEJ"  from  Ihf  eovtrct 
itttlf ;  or  from  the  conductor  even,  uxw-jil  by  tho  changes  in 
tho  wagnolic  fiold  of  lliu  primary  couJuutor,  ofilsctod  by  that 
revumal  <jf  jKilnrity  which  every  theory  litt«c>«  upon,  and  every 
fact  pruvuH  tube, a  cliaugedoidcrofarraugoiaeutof  ihopartidw 
of  matter. 
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This  chapter  is  Jntondod  to  Bopply  conclso  ilefiuitionH  ot  t«niM 
for  occofiioDal  rofcitmco  or  to  rwall  thwr  fall  tixplauation  to  tlw 
mind,  but  in  eonio  oiimB  inrormation  is  givon  on  aubjcota  MA 
noticed  in  tho  otbor  parts  of  the  book. 

Abiolult,  BOQ  Uiiit«. 

AoouMULATOit. — AtiPthor  namt^  for  eecondjur  bsttericM. 

AooKic  L1K13. — Lince  running  tbroagh  tnom  fmri£  of  tlie 
curtli  in  which  the  torrr^trial  aod  magnotiomortiliattacoiadde: 
i.o.  where  there  i»  mi  vnriiititiu. 

AujLi^AUATiON. — Zinc  iH  protected  from  msto  by  bavjug  iU 
Hitrfucu  <toat«d  with  moroury.  For  tho  prooou  with  eidoi  see 
fi  184  ;  for  other  (nctttlx,  S  741. 

AurliRE.^Thu  B.A.  uuit  ol  cuTTont,  mo  S  421. 

AMruTDDR. — The  uxtoiit  uf  nvring,  lut  in  n  ponilnlain,  or  tbo 
hri'iht  of  wiive-motiuii ;  thcHtroneth  of  wavomction,  oa  tbe  loiiil- 
iiriHS  nf  Bimnd,  dopeiidM  on  thi»,  wbilo  tho  oluti»ctur,  M  pitch  of 
ngto,  dcjKtiidH  ou  wnvo-tength  or  tinio. 

Amok. — The  elect  ru-nvpttivo,  ucid,  archloranx  ntdioil  of  tbe 
Hult  or  iicid  deoomjiosed.  OxjgcD,  noid  rmlioiJa,  na  ohlorino  an 
anions  (sou  Ioub). 

AXODE. — The  poaitivn  olcctniiln  or  iilato  of  a  00II ;  tlio  wire  or 
plate  cunueuted  to  the  cupp(;r  ur  iicj^tive  elemeut  of  the  bntierjr ; 
the  plate  which  leadH  tlio -|- current  into  asolatiou  totwdocon- 
posed,  and  at  which  Jtro  net  frra  the  oxTgen,  and  M  —  iom 
(anione).  In  eleotro-metallurgj'  it  is  uauaUy  formed  of  the  metal 
to  be  deposited. 

Arc. — The  air  npiK'e  in  which  the  elcotrio  light  ronuH :  it 
coDtains  carbon  vajiour  and  gives  off  tbe  violet  ny»  which 
render  the  arc  tight  so  steely  iii  oharoctor. 

Are,  see  Multiple. 

AxMATURK.— The  keeper  of  a  magnet.  Armature  of  dynom 
marhine:  tbe  part  which,  like  the  keeper,  closes  tho  magiuitio 
lines  of  tbe  field  nagiiet ;  it  is  usually  tho  moving  part. 

AvriTic. — Without  iubereut  dii-ecti've  powor;  uiaally  appllod 
to  pairs  of  rererecd  neodles.  $  }4i. 

AroM. — Tho  BDppoeed  ultimato  partiolo  of  the  elomonts,  p  2. 
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There  ie  still  mnch  cgufuhioit  as  to  tho  tonuH  ktnia  and  cini- 
Talent,  which  wore  formerly  tisod  for  th«  iMmo  ]inr|)ow:,  hat 
modem  chomiatry  attache*  a  distinct  idea  to  tho  atom,  wbiob 
oorrelatM  it,  not  only  to  ohomical  affinity,  htil  to  heat  and  othor 
forcca. 

Atouic  Weioht. — Tho  n-lntiri;  woightauf  the  utoniii  m  com- 
paivd  with  that  of  Iiydmgon  tlllc<^n  na  i .  At  ]>.  joB  is  a  table  of 
tho  atomiu  weights  and  other  particalara  of  the  element*  tnoti 
importatit  in  ekclricity. 

BaI-axck. — Sec  Bridge.     Hut/he*  Induelien,  Hoe  S  i}84< 

Bask.— See  Uadioal. 

BATrKRT. — A  oumlHnatiou  of  roltaic  oells.  Tho  word  ia  com* 
nonly — hut  erroneotisly — ^lued  for  a  single  cell  (e.g.  6mee's 
hattery),  but  it  strictly  meikiis  two  or  more  cells  coupled  t<^ 
gether  in  series.  The  term  is  also  apjilied  to  similar  oombina- 
tione  ofLeyden  jars. 

BiiE^E. — See  Commntator. 

BiRtDQB. — Wheatetono's.  An  apparatiu  formeaanring  reajat- 
aaoes  by  bidancrini^  the  unknown  R  agatnat  one  known  and 
CBpiable  of  rei^lation,  $  440. 

It.A. — British  Aesociatiou.     Boe  Unita. 

B.O.T.— Boai-d  of  Trade  uniL  Otbera  use  the  letters  B.T.TT. 
See  %i  4^9  and  1 104.  The  Board  gave  the  name  of  ■'  Kolrin  " 
to  this  unit,  bnt  withdrew  it. 

BBOsttlis  of  dynamo  vKuliiitei :  the  oollectora  of  the  cUTreiil. 

CaLOBiUKritii. — Iitstnuaettlfl  for  measuring  the  qiianlUji  of  heat 

Erodaoed  ;  thonnometen  measute  the  temperature  or  inUtuilf  of 
e«t,  S  {9^. 

Calobv. — The  heat  unit  of  tbo  metric  Aystcm.  see  Therm,  and 
f:42«. 

Oaxdlc,  SSfftrie.  An  arc  light  genvmted  nt  tli«  end  of  two 
carbon  rods  armngrd  aide  by  side,  and  burning  nway  oqaally, 
First  made  by  Jnblohlcoff. 

CinxUtf^iMr  0/  liykL — I'he  legal  ataudttrd  fur  mcAsuremmt  of 
gas  is  a  apf  mncoti  candle  of  six  to  the  pound  burning  at  the 
rate  of  I  graioH  lM>r  minute. 

CaI'ACitv.^TIic  power  of  a  surface  or  dieleotrio  arranged  ■•  ft 
oondenovr  to  hold  a  "  static  chai^^"    1U  nnit  is  the  farad. 

Oawaiie,  ehar^ng  in,  is  the  old  term  for  Leyden  jars  arranged 
in  Mfitt,  like  voltaic  batteries. 

CxTnooK— Tlie  ti«;;ative  plate  of  a  cell:  the  wir«  or  plata 
conoooted  to  the  xitie ;  the  plato  at  which,  in  any  deoompoeilioa 
ovll,  thu  c^iliotis  or  +  ions  are  oot  freo.  In  electro-metallnrgyt 
the  object  upon  wlucli  tho  dopoait  is  to  be  formed  is  the 
cathode. 
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Catiok. — Eleciro-poiuttTQ  olfltnonto  Aud  radicals,  wht^  u* 
eot  free  in  eloctrolynfl  M  the  catbodo.  Ilydrogea  and  moUb  in 
the  Older  of  the  electric  iories  mv  cations.    See  loos. 

Okll. — Each  MTtaraU  -rowel  in  which  a  chemioad  aotion  ooonn 
forming  part  of  too  eleotrio  drcuit.  Thns  there  are  the  active 
or  generating  cvlln — i.e.  thoeo  which  forni  the  baltery,  Kod  the 
decompoailiun  ccUh,  and  tliciio  latt  lany  bo  of  two  olaatMU:  (i) 
Passive  or  mero  rcttiitanooiK  aodi  arc  thoee  employed  iu  olootro- 
moiallurgiy  where  the  metal  in  ili«w>lvod  from  the  anode,  and 
fiiniplj  tianaforred  tO  the  cathode ;  (3)  whore  cheRiicttl  fone  ii 
excrUid  and  absorbed  in  effecting  tne  dvoompositioD,  as  in  the 
gas  voltninotcr. 
C.G.S. — Ccnttmolre  GramiDe  Second  See  Units. 
CiiARdB. — The  meaaured  ({oantitj  of  »tatio  electricity  a«n> 
mnliitcd  on  a  conduolor  nr  a  cundenMir.  ^h^ 

CiEEMic— Sue  Current,  Vuita  of.  HH 

C'HUiitoiTA. — Pole,  a  term  aometimea  used  for  the  negative  poleT 
or  cathode.     A  chlorous  radical  is  that  radioal  of  a  salt  or  odd 
which  answers  to  chlorine  in  HCl — that  ia,  it  is  tlie  acid  radical 
or  electronegative  element  or  anion 

C'liOKixfl  Coiu). — Theae  are  used  with  intermitlent  cnrit-ntM,  to 
produce  Uie  elTeota  of  a  reeistanee  which  doea  not  uxpvnd  ciierjcy ; 
tliat  in  towiy.  their  ioduotaucetets  upon  oppceing  E M  !■' which 
roM»t«  that  from  the  Bonroe  and  dirainishea  the  rate  of  current 
flow.    The  simplest  type  in  a  closed  coil  C  anrroondiu);  an  iren 
core  n)»giivtlzea  l>y  another  ooU  XL    The  coi)  C  now  prod 
mayncUe  rclardaticn  io  tlie  ouie,  just  aa  the  oore  producoe  elec 
rotnnlation  in  a  circuit :  the  magnttinn  cannot  pass  along 
core,  beyond  the  coil,  mitil  the  coil  C  ba»  token  toil  of  the  eu« 
and  set  u[i  ourn'Ut  iu  itself.    Tlwy  will  probably  dwl  many 

CiKooiT. — The  iittth  along  which  the  current  tiaveis.  or  in 
which  «K*ctT)C  iciidiou  is  set  np. 

Coniluctiee  circuits  are  thoso  through  which  current  iitnilsa, 
and  aru  comiKised  wholly  of  conducting  materialH. 

Iiuia^live  circiiils  apply  to  stittic  electriirity,  and  are  partly 
compoued  of  iusnlating  niaturinls  as  air  or  condensen. 

We  may  oonoeivo  n  conductive  circuit  as  reprceented  by  aa 
endless  oliaiu  diivcu  by  a  dnim  to  which  force  is  a[>]>licd  (this 
representing  the  gonemtor) ;  inich  n  chain  will  drivo  any 
machinery  to  which  it  is  connected,  as  the  current  dooe  wor^ 
The  inductive  circuit  resembles  more  a  single  chain  acting  qua 
spring,  like  a  belUwiro,  so  that  only  single  impulaaa  omi  Im 
given,  and  on  rolea»e  the  spring  nstorra  the  energ}'. 

Jhrivtd  oirouits  aie  a  envision  of  tlie  path  in  two  or  tnon 
parallel  bnnchea. 
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Circuit,  wirrn-tfiV,  the  path  of  the  lin<-s  of  magnetic  forco, 
composed  of  tlio  iron  or  etoel  and  the  external  field.  Th» 
oonc«ption  is  nDiklogoue  to  that  of  ibo  eteclrio  cinuil,  but 
though  useful,  t«nds  to  mislead,  aeo  g  9^8. 

CouHiTTATOK.  —  Brvnlc.  oontuct-break^r.  cirou it-changer,  or 
Bvritoh.  They  nr«  of  many  forms  Koconling  to  tbe  purpoge 
roqnii'od :  a  oiinplo  spring  prMsing  on  a  point  eerrcB  for  a  mere 
bronk  or  intcrrnptor  of  tho  ouTTWit,  but  IhosrrnngemontU  often 
ooni)>licHt<-<l  wh»n  it  is  ncooMary  to  provide  several  different 
oircttits  for  th<i  Lnirront. 

Cosint4TA!*CK.^Thfl  coodnoting  capacity  of  a  cirouit;  the 
rocipniml  of  n-niBtancoL 

G'XinTirivirif. — ^Tho  Kpooific  capacity  of  any  Bubfttaoce  to 
troiMmit  current:  tbe  eondiuUancc  of  unit  dimcnsioiiA  of  tbe 
aabBtanoB. 

CoKOUC-roR,  prime. — Tho  terminal  of  frictiunnl  machiDee. 

CoilDliCTOiM. — SulxtanctA  whiolt  pcnnit  vlcctrici^  to  paflO. 
It  used  to  be  Uiuught  tbat  RnlMtanocH  were  of  two  dtBtinct 
oloMee,  oonilnotoni  and  inaulaton ;  but  it  is  now  known  that  it 
i«  only  a  qneotion  of  d«gree  of  redslanoe.  Silwr  in  the  boat 
conductor,  then  other  pure  meUls,  tbon  allovs  ;  sulutionH  of 
oloctn>lyt««  follunr  hut  at  a  long  inti'rval.  Oumnt  poSMS 
through  condnotora  in  tbe  ratio  of  tlMiir  n?utioiml  aroa,  UM  the 
invorao  mtio  of  ibcir  length. 

CoxNKcrioSHL — Wires,  &e.,  oompletiiig  the  circuit  between 
difr<!n.'iit  ap|NtratUHi  they  afaouM  be  nuRIdftiitly  targe,  and  of 
ouppitr  si>  uH  to  give  littlfi  reoiatauoe.  Tburc  in  often  mu^ 
trouble  cauacd  b^  the  HtiflncaH  of  atout  nina,  it  In  ihcrofore 
wi^ll  to  form  a  Hpira]  upon  each  oonuoolion,  mi  an  to  give  a  little 
oliiKtioi^.  Tti«  beat  conueoliona,  how«ver,  are  inado  of  wire 
oonl.  such  &.«  ia  made  fur  window  aaab-liD«,  or  by  twisting  up 
flue  ci>!>|ii*r  wire  tiito  a  cord ;  leugtUs  siuUhI  to  rariotui  pur]>os«a 
should  Ik)  ctit.  and  to  the  enda  should  be  soldered  pioce«  of 
No.  1 3  c<i|)tior  wire,  of  a  ouupte  of  iuchee  long,  fur  iuHi'riion  in 
binding  sure  wo.  If  thcac  onJa  aro  well  ailvervd  or  gilr,  much 
tr>uble  in  oleaniuK  will  bo  eavod.  Annoyimce  from  aocidentol 
uoiitauis.  >I:c.,  is  abto  aroidod  by  oororing  thcae  conductora  with 
uairun-  tape  plaited  on.ontl  soaking  with  boi]e>l  oil. 

Fur  uNiliit;!  icrr^s.  blocks  of  braos  aro  usclul  wiih  two  parallel 
ho1«a  <lrillMl  tbrnitgh  iind  a  screw  to  prtss  in  t-nch.  A  eiiniile 
ouiirii^tiou  may  bo  modu  witli  a  pieoo  ot  tS  cup|>er  wiro  )  inches 
loo^.  liuiiiiiierL-d  in.%  for  j)  inobL-a  an<l  Hlod  sniuolh  bo  as  to  give 
it  Hpriug:  it  may  then  b«  tiuntxl  with  a  mldoing  iron,  or  pre- 
feraoly  nicki^llwl  or  gilt,  and  then  wound  up  in  a  helix  upon  a 
piece  of  iron  wire  larger  than  any  wirea  it  is  to  bo  nwd  willi; 
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it  onn  be  then  carviid  bo  u  to  gnutp  b  wire  ond  piuih«d  into  it 
Two  of  theee  jwnud  togothcr  or  jomo  on  tho  oDd«  of  o&e  pieo* 
■bbJes  •  perfect  oonncotion  \  they  can  Iw  joined  Id  koj  number. 

WootMcnut  amiko  txtavnawut  vouneotiutu  if  ft  pivco  of  wire  ii 
aotdered  in  the  cat,  to  turn  them  with ;  »  pieoo  of  shoot  meUl 
with  K  wiio  httochcd  to  it  mity  Im  nlaoed  in  ttio  hole  in  whicfa 
tliey  work,  und  ft  metftl  wuhcr  under  tb«  hvivX  to  grip  a  beot 
wire  placed  wndcr  it 

itiDdiug-ecrowB  and  fittingn  ftro  now  cheup  «nd  oiuiily  ubtftin- 
able,  and  I'tiidoiiti*  »uppliod  with  tbo  littiiiKn  of  tnodeni  cUi^ 
toom»  DMy  bo  apt  to  hiok  down  upon  niuko-iihift  ftpplianow; 
but  by  such  muce^hifta  the  HvicuoQ  uf  uleotHuity  hiLs  bocB 
oreftted,  and  many  an  MmoBt  student  with  liiuiiud  fiitid^ 
not  only  Riid  tlii-m  uaoful,  bnt  luto  inoru  iu  dfiviaing 
mftking  thorn  tbiiu  if  bo  were  supplied  with  the  moat 
instnuovotft. 

OoKSKjuicrT  PoL-Bs.— Whoro,  intentionally  or  oocidoiitftlly,  two 
K  or  two  8  pole»  aro  furood  together  8--N  N — S,  produoing, 
appanrntly,  a  magnet  with  niiuilar  ]>olea  at  each  end. 

LOK!n-AKT. — A  value  whi<.-li  correlates  individual  OMes  tO 
goooral  laws.  The  ouniitiiut  of  a  galvauometer  in  ilw  valao  in 
amp^nsK  OLirresnoudiiig  tu  uuit  dvflectiou  ;  or  it  may  be  the 
rutialanoo  wliiub,  with  a  given  batteiy,  produces  unit  defleution. 

CoiTLOtic.  —  The  B.A.  uuit  of  quantity,  which  patisoii  is 
I  second  of  an  ampire  ounreut. 

CoaRKXT. — Thia  word  is  used  in  many  ways.  The  nleotric 
vtirnrnt  nieaus  the  auppuoed  flow  or  passage  of  electricity  or 
eloctrii'iil  furvu  in  the  direction  ftom  +  ^  —  or  poaEtivo  to 
uejiativu.  It  therefore  originates  at  the  ziuo  surface  la  vootwH 
with  the  Holutiuu,  and  passea  fWim  the  ziDo  to  the  ooppor  or 
othtir  negative  luetal  in  the  ligtt!<!  of  the  battery,  but  /rom  the 
negative  metal  to  the  zinc  in  the  external  circuit  faee  Powitirft 
and  Negative),  Cutrmt  also  metuu.  soionlifiudly,  tiie  D>eaaured 
work  dune  cUcmicitlly,  or  what  was  formt'rly  called  "  Quantity  " 
(which  see,  al»o  Intensity  of  Cumoit).  For  the  laws  governing 
this,  see  Ohm's  Laws  and  Units.    See  Density. 

(htrrml,  Unitt  of. — 'I'ho  ocooptod  B.A.  unit  is  the  amp^c^,  whii.^ 
is  the  rcflult  of  i  volt  of  olootromotive  fbrc«  acting  in  a  oin»it 
of  I  ohm  rosialanot-.  Iti«  vhvmicid  value  is  giveOi  9  4)1.  At 
first  it  was  t-illod  the  "  Vobcr." 

Tho  ditmio  is  unod  in  tbc«o  pa»i«  whuro  it  is  doairablo  to 
keep  in  view  tlie  ii>tuti(>u  cf  elcctiicity  to  atoius  and  niuleoulot 
of  mattort  which  it  does  more  perfectly  thoo  the  aiupire,  as 
vsplainod,  p.  3o5.  It  repreeciita  one  grmiu  oquirnleat  nf 
chemical  action  in  to  hours. 


tuorioxiaT  &r  tuhi. 

9. — The  angular  dlfferctioe,  Kt  »ay  put  of  the 
ullk,betveeu  tha  neftraat  pole  of  the  narUi  and  the  oanttspoml- 
iK  magnfttlo  pole ;  it  ta  the  wtriatioii  of  Ae  eompau. 

I)rastTr. — The  "  qitantitj- "  iijiou  unit  area  of  stirfaoe,  whioh 
raries  on  the  one  surface  aocordtng  to  form  ani]  neanaas  uf 
nrrotit)diui;3. 

DentUs  of  aimnt,  its  ratio  to  the  sectional  ai«a  of  the  oirouit, 
whieh  in  the  «aM  of  electrolysis,  materially  affeota  the  action 
and  the  qoalitf  of  deposit.  Meat  in  wires  is  also  pn^porttooate 
to  the  ratio  of  corrent  and  section  of  the  oondaotor. 

DupiiKioM. — A  porous  dirisJon  bctweeo  two  lipoids,  throiijjli 
which  el^tric  current  passes,  and  in  which  osmose  oooon ;  and 
an  E  M  F  is  jiroduoed  as  a  result  of  c*ptllary  actions. 

Tho  vibrating  disc  of  teUphonee. 

DiBi.vjniics. — Nou-oondnctoTs  ia  which  indnctton  oocorti 
■noh  as  air  and  guttapercha. 

DruAKOUKTSK. — This  nteaos  "  forco-moaanro."  and  is  tha 
proper  Dame  for  an  apparatus  whiob  moosuros  mochauioal 
povror,  Nuch  as  that  exerted  hy  a  rotating  ahaft  or  a  bolt.  It 
u  often,  but  wrongly,  applied  to  Wober'a  galranoroutar,  which 
couiflted  of  coils,  in  plaoe  of  neediM,  suspended  within  ottier 
oiroQlar  ooils. 

DrxK. — The  C.Q.S.  unit  of  Foroi,  that  which  givus  a  ralucity 
of  I  centimetre  per  second  to  i  gr.itumo  weight,  after  acting  for 
I  second. 

Eaktii.— Name  derived  from  tlio  old  mistakon  uolioin  that 
electricity  is  pumped  up  ^m  tho  earth  as  a  groat  reeorvoiri 
Pulling  to  earth  and  tarlh  oomwcfws  nioan  a  goneral  rotnra 
circuit,  which,  for  economy,  ia  foniiod  thnm^j^h  the  <K>Tth  liy 
RHNLDS  of  "  earth  "  plates,  buried  in  moist  strata  at  tho  vari'^us 
neooasaiT  points.  Butatiy  conductor  common  to  sovoral  oironita 
it  teohnioally  called  "  ourtb." 

ElktbODB. — Faraday's  term  for  the  poles  or  plate*  leadinw 
the  cnrront  into  aud  out  of  a  ooU.  See  Folea,  Anode,  and 
Catho<le. 

ELKcrnOLiraiiL — ^The  act  of  deoomnosltion  by  aii  eleotrlo 
enrrenl,  while  passing  through  a  liquid. 

Seeomdarg  ewotralyais  ia  auppuaed  Vi  bo  oflboted  by  tha 
ohamioal  action  of  Ine  aubatauce  really  aei  (Vee  by  the  ourruut 
(eee  HMoent).    Fur  explanation  of  thia  aotion,  aee  |  694. 

EcecntOLTrci. — Bodico  capable  of  bein^  deoampoaed  by  an 
oleotrio  ctitrent.  They  muat  be  oompoaod  of  (or  rather  be 
capable  of  braalciug  up  in'^)  twa  radicals  (aee  Ions) ;  therefore 
antwtanoes  wluoh  contain  three  or  more  radicala  are  not  eleotro* 
lytee. 

S  • 
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£i.RCTRO»rrxii.  —  Instnttiutat  for  iituuHnrlng  clcotrocuUc 
chargo,  or  t«tisioD. 

£  At  F  on  ELBcrrnoHonvB  Fonoi. — ^Tbo  teni1«iio^  to  Mt  up 
«l«ctrio  onrnmt:  in  gnlranic  battorim  llio  KMP  u  s»t  up  by 
the  nttnctioD  of  xinc  for  an  ncM  nulicni.  It  mny  bo  viOi«r 
rontintioua  or  intorniitlcnt.  Otlvanio  baltorica  maA  MetifMii 
Buohinci  mt  up  a  oontinaotu  E  U  F,  which  va»y  bo  ocmpftnid 
to  ft  tttcAtly  prcwuro  in  itt)  actions  mxl  laws. 
-HoviDg  tnngDots, chsrew)  oondcuKvni,  tho  •nirrm  of  indnotion 
,  wtt  u])  n  vftrinhlo  E  SI  F,  wliich  tiiny  bo  compttnMl  to  thw 

wgy  of  inipxilii™  nud  with  tho  lttw»  of  prmi-ctilwi. 

Mkclrie  prrtrure  is  now  comtnotil}?  UimM  lor  E  M  V,  n»  ia  »l»o 
tUo  term  ooUagr. 

The  unit  of  B  M  F  iH  the  vo/t. 

Blf^xhts. — Th^>  ultimato  niibstmiccii  into  whidi  all  th*  bodim 
w«  know  can  be  rvvntvcil,  anil  whittli,  tliciiutclTCA,  have  not  htva 
rcaolvotl  into  any  xitnplcr  bodiLii,  rco  S  5- 

EXMSKWE.  — iloe  Oiiinoi<0. 

E^ttiVAi.F.vn.—AU  <:httini(!nl  aotlons  tftkc  place  in  a  definite 
ratio,  wbich  in  i^iplainvi]  by  the  atomio  theory  u  due  to  the 
i»nibi nation  of  i ,  3,  or  niorti  nttimti  of  one  nibatance  or  element, 
witli  I,  2,  i>r  more  atumn  of  otboriU  Each  element  bats  iXm  own 
equivalent  weight,  aa  compared  with  hj'drogen  aa  i.  There  u 
much  oonfuMon  of  !d«u,<Iiio  to  tho  change  of  modem  Dhomiatry 
from  the  old  ayiitt-m  <>f  MlHting  nvirtiona  in  fmiralenU  to  tbo 
modern  ayatam  of  nintinu;  them  in  aionu.  Tublt;  XIIT.,  ji.  308, 
pvea  a  tiat  of  tho  ivinivalvnta.  Tlio  relation  of  elrelridity  to 
Uioae  equivuUutji  in  auch,  tbnt  in  n  chain  or  circuit  ouu)|««o>l  of 
uoy  variety  of  ooiunoiindH  of  two  of  thcao  bodies  (which  are.  ia 
fact,  eluinenta,  railiculM,  and  iona^,  the  aame  carrent  would 
relcadi!  from  combination  tho  rclutive  welKht  set  a^uat  e«oh 
aubKtanoi!.  The  weights  Uicmaelvea  are  relative  or  abatract, 
bat  in  this  work  thuy  nro  talt«n  aa  "  gniiut,"  for  the  pnrpOBe  of 
getting  a  di-fiiiito  elvolrio  moaaure  of  current  and  work. 

Eqdivolt. — A  unit  derinL-d  by  the  author  to  connect  togelhor 
energy  and  quantity.  It  ia  the  encr^'  engaged  iu  aflfeoting 
I  equivalent  of  uhL-mir«1  action  in  a  drouitof  t  obu  rtcietanoe. 
and  under  the  volt  eleotioniolive  force.  It  ia  de«oribcd  S  597* 
Ita  nieobanical  equivalent  ia  4675  fix>(-lbe.  'IHiis  unit,  when 
thoroughly  comprehended,  will  greatly  aid  in  iiudere landing 
electncitjr,  and  ue  doctrine  of  the  correlation  of  forces. 

Em. — The  C.fl.S.  unit  of  energy.  The  work  of  1  dyno  iu 
I  second.     Ita  value  in  given  {  410. 

Erg-tn,  io,0(Xvx)o,ooo,  ten  thousand  million  errgf,  tn-ittun 
I  X  io*°  on  the  index  notation  explained,  $411. 


McnoiraRV  of  txric^    < 

KxTKA  CvRRUT.— Th«  inducMl  current  In  a  wirv,  Qspcoially 
vrh«ti  wound  iu  ft  hclii,  Mt  up  wIkid  oiruuit  in  broken. 

Fakad. — The  nuit  of  eapaa'ly :   i  couluinb  nn'll^^  i  volt. 

Ferkjiieti  Ei^BCT. — A  rute  of  vol t^Lge  observed  in  the  Dvptfoul 
naina  beyoitd  that  of  the  generatom :  am  much  w  lo.ooo  roll-* 
ven  ohaerved  at  Loodoii,  wliile  there  were  onlj  85oo»tii>pl>o>l 
at  D^tford  eight  miles  away.  Of  ouuiae  thiit  in  do  cnntton  «•!' 
fcvoe  or  ouexgy,  but  a  rcdintributimi  of  the  wuvb  forui  ui4t 
pliMea,  doe  to  iuductaooe  iu  tb«  oiroait. 

Field  of  Fobc«. — The  spue  betvraeu  tlw  poleaof  ft  magoot, 
or  two  electrically  cbftT^^  Rnrrsoes,  and  otlier  actire  foroox. 

QAt.VAXOKtrrtR.— An  iiutrument  for  nieaAuriiiK  '*4iqiT«ul"by 
itH  magnetic  effects  in  d«Oeotinf;  a  mft^elio  needld. 

OavsSl— This  name  has  b«eu  Tariuualy  us«d;  it  wntf  apjilied 
to  th«  magnettc  field,  §  149.     It  is  uow  oallbd  the  umt  of 
."induction  donsily,"  another  futui  of  the  sftine  oonoept.    lUi 
vftltw  is  id"  "lines  of  force"  or  CGS  unita,  see  $  968. 

HOMB-rawKii. — The  unit  of  "rate  of  meohauical  woikin); 
powor";  it  corresponds  to  a  supply  of  energy  #qoiil  to  }]|00o 
fout-lbc  per  tninnie.  The  French  "  foroe-chovml "  reproaents 
li.SCo  foot-lbe. 

Hall's  t:F>-BCT. — A  distorlioh  of  the  linea  of  E  U  F  pro- 
duced in  the  raaenetic  field,  apparently  anulogotia  to  tUe  rota- 
tion of  pokriwd  light.  But  Soolford  BiOwell  lias  shown  that 
it  belongs  to  the  thermo-electric  facts  aud  vaiiee  in  different 
metals  much  im  these  do  in  the  Thomson  effect,  S  >)95-  i'' 
current  is  passeal  through  a  strip  of  metal  Icnglhwifte,  none 
will  leave  tlte  strip  from  cjjiii[:>otential  poinra  at  iu»ide«(as 
in  Wheatstono  Itridge),  but  if  the  strip  is  in  a  maenotic  Geld, 
Nnd  perpendicular  to  tho  lioos  of  force,  current  will  psaa  from 
tbow  points. 

HccKT. — The  DOW  unit  of  Indtictanco,  S  430. 

HTcmLetii^ — A  wikAteufviiirrgy  in  m«^<<ti«»g  and  domsE- 
aotixjng  iron,  owing  to  tho  inertia  and  frictionul  naiabuwo  of  the 
p«rtielc«:  it  apjxuni  an  heat  in  the  iron,  {  971. 

Imi'EUasck. — The  toUkl  obatruution  to  conductuico ;  rosiatanoc 
+  inductance,  in  the  cnse of  inlenuitbintcnrrenta  to  Ibevoriablii 
period  :  >t  is  oorruUted  to  "  Ketordation  "  S  533. 

l!<i[>Ui.Tiox.— Tliis  is  the  nftmo  given  to  effects  prodnood 
oDtnifiu  of  the  body  exerting  a  force,  ur  out  of  thu  ciruuit  to 
which  tlio  force  is  directly  applied.  Thus  a  magnet  iodaous 
nuigtielisni  in  DeigLbouring  nutgnetlo  subshiuoM,  and  thA) 
attructs  them. 

A  ststio  charged  ■nrfaoe  is  said  to  Induce  an  opjiudta  eleotrlc 
diugo  npoo  Borfaoe*  preaented  to  it ;  as  to  which  ace  i  $5. 
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A  current  in  a  wu«  iudacea  curronte  in  oUior  eoniluctvn 
parallel  to  it    See  Seoondary. 

Sfl/  Induction  U  tlie  inisleadinc  term  f»r  th«  nb«orl<0d  oner|[; 
whicL  prodnoes  "extra  current    :  it  U  slowly  pttmiog  out  ^ 
I18C.  see  i  496, 

Ikwltisce. — ^Tbe  absorption  of  cnoilgy  atthacimmf^ncomei 
ofaiirreat  byatHticand  miwnotic stnwitoii.    ItMuoit  is  Utuli>»i 
S  4JO.   It  covers  what  UHcdtn  bocnllcd  aFj/nnd  nmlual  tnduutii 

Iniiuctoriuk. — A  naaio  for  Indnclioii  Coils. 

Ikkktia. — A  n-ord  embodying  tko  fnot  tlist  iuikttt.-r  will  uoitiier 
movo  or  stop  moving,  cxcojit  by  au  estcnial  notion  :  tiio  rwiat- 
iitMio  ti'  change  of  Htate  of  roxt  or  motion. 

IsriAjExoL  Mxcutsva-'— Thorn)  on  the  priu(n|>le8  at  iba  Halt, 
VoKN,  and  Winialiiirwt  typM- 

iHSULA-roitA. — Itodivs  poiMming  high  rcaisUuoe;  alt,  liowerer, 
ikllow  KOmu  current  to  escape,  or  rather  "cli*ra;«"  to  l>e  lotit  as 
current.  Thoy  arc  called  "  eleotrioa,"  becnuai>  friction  develops 
ulectric  excitement  in  them.  Ebonite  is  the  lii^ht«t  "non-oon- 
ituQtor  " ;  paraffin,  sulphur,  and  glass  follow,  i  1 10. 

Telegnphio  inMulators  are  the  potceluin  cups,  Ac,  to  which 
the  wires  are  SAOurrd,  and  whii-h  [irevent  cnrront  Icwking  fmm 
the  wires  to  the  earth  tlir(mj;h  the  posts. 

iNrESsiTV. — Tho  old  t»jriu  for  K  il  F.  Batteiien  were  said  to 
I>6  arranged  for  inlentily  when  the  oells  wore  cuuplod  together 
iu  serius.  The  term  leads  to  such  coufusiou  tlut  it  is  best 
iilmudoned  altogether. 

InUniilyof  Currenl.—A  tt-rm  adopted  from  the  French  inlttuilr 
•le  txuranl.  Il  means  "  qoaiiiity  " ;  and  tie  beet  writore  now 
<iae  Llio  himple  word  "current,"  to  avoid  the  ooofaBioti  of  tluwe 
L'onflioiiug  te'rois. 

loss. —  t'araday'fl  term  for  tlio  two  ]>arts  into  wldoh  an 
■  electrolyte  breaks  up ;  they  toay  be  rogarded  aa  "  radicals." 
iiud  may  be  either  single  atoms  of  elements,  doubled  atoms 
which  still  act  as  one  chemically,  or  compound  radioals,  like 
ammonium,  and  the  radicaU  of  acids.  'I'hcy  are  of  two  olassoB, 
named  from  the  electrode  at  which  they  appear  ;  but  it  wuiit  bo 
I'omemberod  ihat  the  same  radical  may  Im  on  anion  at  cne  tiioo 
nnd  a  cation  at  another,  according  as  it  is  tinitol  with  a  nuUoal 
moTo  or  loss  high  in  tho  order  of  affinity.  Sue  Aniona  um) 
Cations. 

IsoouMio  LiNU^^Thoso  drawn  through  plaooa  in  wkiclt  the 
dip  ia  equal  i  in  favt,  linens  of  magnetic  lutitudtt. 

Isoaoxic  Lines — Thosodrawn  through  ptncua  of  equal  (fecfiaa- 
lion.  or  lint«  of  magnolio  hmKitiide. 

Jouut.— The  B.A.  unit  or  enorj^y,  S  ^t6.     It  ia  sotaotiiiws 
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PWw  the  /oulad :  tlt«  term  "  joitle  "  b»»  abo  been  aaed  for  tba 
^^  foot-Ihs.  uieohauioiil  oiiuivaleut  of  he«t,  for  which  it  would 
M  rooft  applioaljle.  1 

Kelvi!),— The  uauie  Kiveu<^^}'  1S92<  t"  the  B.O.T.  niiit,  iim  I 
kilo-wntt     It  is  not  acttully  uilupt«d.  I 

KnoT. — llie  geoerapliioal  and  uAutioal  mile,  which  winui  aficct  | 
W  writo  "iMut,"  tnonch  tJw>  name  is  derived  from  tho  conv*  I 
Hjioiiditig  knota  on  the  log-lioe  need  at  sea :  lOK)  yards.  I 

MA'iNKTANcE. — A  term  proposed  ly  the  anlhor.  S  469,  for  lh»t  I 
portion  of  ener):^  which  in  takeu  up  in  tbo  ma^otic  field,  t^  diit-  J 
tinguiith  it  from  "inductance"  proper  which  shoitld  bo  tint  I 
energy  tnkiMi  up  in  electric  slresaiw.  I 

MiXKANi.t. — A  newQennan  alloy  of  iimanrauMMm.fl^ooppei't.l 
and  3  nickel  (DittDganese  replaciog  the  einc  of  German  mlTer),  I 
which  is  iiaid  to  posscM  reroarkablo  and  valuable  properties.  1 
ItH  tpooial  merit  ia  that  lioat  Bcarccly  alton  its  reeistauoa  I 
between  i;"  aod  jo"  Cent.,  and  even  Meen  it  at  higher  teia-l 
peratiinw,  an  eEToct  hitherto  unknown  in  metals.  It  in  also  Mft  1 
and  nliabto.  At  date  of  writing  it  is  yoC  unknown  iu  England,  1 
but  1  ma  informed  ihat  it  hna  tho  defect  of  being  injured  by  1 
ootitaot  with  iHiraHin.  It^  apocific  rcitiMtaiice  ia  43  mtor-vluiis,  J 
jMar  onbic  oent^  p.  37J.  ] 

ItlBi-oiiu.— The  prolix  vug  eignifies  one  million.  j 

Miio.— Name  miggested  by  Stv  W.  Thomson  fur  a  unit  ofl 
■*  oouduetance,"  being  "  ohm  "  inrertcd.  1 

UicHO-rAXAD.— The  pn?lix  micro  dgnifioa  one  milUontli.  The  J 
micro-fomil  is  the  pnieticnl  nuit  of  wpocity.  1 

Hoi.BCi;i.K. — Tbo  ultimate  iwrticloe  of  complete  substanOM.] 
Uodem  chemiHtry  dmws  a  clear  dialinottou  betwut-u  atoms,] 
equivalents,  and  moleeulott,  terms  uh  to  which  tliere  was  furmerl/  . 
much  ouufuiitou.     lliu  mnining  Li  explninci],  pp.  C—^. 

MsLTiPL£  Akc.— Cells  connected  parallel,  or  as  derived  ctrottita 
to  each  other  bo  as  to  act  as  one  lai:ge  ocU.  j 

NABoeHT.— Subatanoes  hare  a  much  greater  chemical  force  atj 
the  iufllant  in  which  they  are  being  set  free  from  coaibinatioal 
than  when  they  are  free  bodie*.  They  are  then  cane<l "  naaoeot.*! 
Uoet  of  the  pioceeaca  of  ekctro-metallurgy  aro  usually  00D-| 
sidered  to  be  effected  by  secondary  eleotrolysi-,  Ihrougli  this  j 
action  of  naacent  hydrogeu.  This  special  energy  is  supposed] 
to  be  owing  to  elements  (or  radicals)  being  then  in  the  atomic 
iDstend  of  tbo  molecular  coudition,  and  tncrofore  having  all 
their  chemical  attractions  eii}'agcd  in  teeking  a  coiubinatioDi  J 
It  is  commonly  the  case,  also,  thfit  a  radical  cannot  be  aet  frcQ  ntl 
all,  unless  in  the  preeenoo  of  some  other  bodies  with  which  it  in 
uipuble  of  uniting.  I 
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UKrioxiut  or  tsiima. 


^ 


Hboativk. — In  tbo  lmtt«ry,  the  cu)>[ier.  oaibou,  or  pUtiutuu 
plikto. 

Xeyaliee  P<At — Cuthoiie,  ]>1ntiuode. 
Negativt  ton. — Oxjgva  and  ooid  or  chlorous  radicals. 
NoTATiox. — Tbo  niodu  of  expntMug  Qhsmicnl  subalanoeB  And 
toaotioiui  by  tlieir  varioiw  KvmbaU.  TarioUB  tyntema  are  em- 
ployod,  f  1 6,  bat  that  unud  lu  these  yaffen  is  the  eiiaplvot  kuuwn, 
Dciiig  btMod  upon  tlio  binary-  Uieor>'  of  salts,  aud  showing  every 
atom  in  a  roction  hy  lU  distiHOt  njiubul. 

Some  fitiioifnl  formula)  aie  utwd  for  the  pur|Kis«  of  expressing 
pftrtionlor  thmn-icti  on  the  oouBtitution  of  subetanoes.  Tbo  ino«l 
pnrmitieiit  in  Fmnk land's,  bawd  on  the  hydrosjl  thooiy.  It  is 
exocediagly  jmriJing,  hm  it  does  not  show  real  atoms,  bnt  tlie 
SupposbJ  cuuijKiuud  riulicahi  of  tlie  tbcot^' ;  sud  sm  llo  and  Cva 
mean  aoiuu)liiugdilIf:ruiitfniin  the  usual  HOandC'nO,  it  is  rarely 
wnltm.  Biid  imvtr  print^'d  onriftully  tlirouj-bout. 

OccLUilC'S. — This  al«urptioD  of  guee  by   solids,   with    soids 
change  of  jii'opcrty.     The  union  of  tiydro^eu  with  palladium  is 
the  most  utriltiDg  itiatauoe.    The  absorbing  uowerof  cliarooal  is 
someliiuea  calk-d  oculusion,  but    is   probttoly   of   a  diflfereDt 
character . 
Ohm.— The  B.A.  unit  of  rOBislanoe.     For  its  valno  mo  9  419.  ^\ 
Ufim's  Laws. — Tboso  formula',  devised  by  Ohm,  vnahlo  us  ti^H 
calculiilo   from  ocrtain  data  all  the  information    we  nH|tiir(^l 
The-  Hymlioln  -ihoiiU  tO]>reseiit  fixed  units  (see  Units)  to  obt^iu 
defiuitu  reBulta.    CJthorwias  they  &re  merely  comparative. 

E  stands  for  «loutroiuutiTO  force,  R  for  reststaiiLie.  C  for 
current.  Any  two  of  Ibese  being  known  we  can  calculate  the 
third ;  thus  knowing  the  foroe  of  the  batteries  (o  be  nsed.  and 
tlio  resistaocf  »f  a  circuit,  we  can  oaloulale  the  current  generated, 
and  tbereforu  thu  muouiit  ol  work  to  be  elTeoted  under  any  given 
ouudiljous. 


BHF 


E  =  Ox  B 


CuRwnL 

no<i*[aniw, 

°  =  s 

-i 

Energy. 

"g}  =  c*  X  n  X  * 


J  =  E  X  0 


W  aiOHia  nwdiuilflkl  work,  H  is  hMt,  t:  is  a  constant  repre- 
aentiag  the  aoiiaUe  unit,  S  435,  and  J  thr  jnulo. 

OsMOfiR. — The  pn»n<j(.i  of  difTnidon  of  liijuidK  tbrongh  u  pumus 
divisiui),  which,  like  tlio  dilFusioii  of  giuK«,  shixns  that  tho 
molecideBof  matter  in  these  >itat4M  are  in  oonstant  mution  : 

Endi/tmore  und  exo»mo$e  nrv  unmos  sivon  to  the  two  diroctlons 
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to  Miy  giTon  v«Mc1.      Electric  current 
>t«ntiK)  giro  a  etimulnit  to  oviiiotic  iictiou, 

Paus  ErrKT.— Tho  houikU  pruducod  bj-  molooiiUr  oiotion  in 
iron  wboD  magnotutod  nnil  (lomngiieluto^  $  iji6:  it  hu  boen 
nsod  in  ft  bell  punh  to  inilicftto  that  tlio  Oistant  bell  is  ftoting ; 
'  the  punh  oontainod  •  HUftU  olectro  iiuw>«t  ooiiDMt«d  to  ao 
Iwttvm  i>r  m  clwed  iron  box,  tbo  top  of  whidi  ia  the  kntuitaro : 
th<:  amingvmuiit  greatly  rvtwmblirig  u  tolopliono. 

kPSLTIKII   ECFECT.— ScO  $  1 196. 
PDtMiUBiUTr  — Oopaoity  for  laBKnotiiim. 
FeMuiTTANCR. — Term  uwotl  for  inductive  oaiiacity. 
Platixodr.— Dutiiell'M  term  fur  the  c»thoae  or  tliat  plate  in 
y  coll  vrhicli  doeM  tiut  diMolve. 

Poi.AiuzATios. — Tlie  act  of  amngiug  the  Bubataaoe*  vrhiob 
form  ail  dluotric  circuit  in  a  polar  un)«r  or  chain  of  +  and  — 
radical*,  ]im«nteil  towards  aod  reaL-tiug  on  e«cU  oilier.  It 
'  r«BcmblM  the  arraugouieut  wbioh  takes  place  iii  a  uumbor 
of  maanetic  needk-a  which  arrange  themsuVes  in  an  order  of 

Polariialion  0/  Ptatet. — Tliis  very  coufusing  and  a1)aiird  term 
la  applied  to  an  aotiuD  which  occum  whenever  ihe  cunreDt 
pftMA*  fruu  liquid  to  aolid  oonductois :  there  forms  on  thi^ 
surface  of  the  latter  a  filin  differeut  fruui  the  liqnid,  by  wMoh 
there  hi  not  only  a  greater  reniiitanoc  introduced,  but  an  elootro- 
nuitive  force  is  generated,  op i"-'^>ii^  that  oT  the  current,  bo  tliat 
if  suddenly  oonneoted  to  a  gulvauometc-r,  and  tlie  maiu  circuit 
broken,  a  revorae  ouirent  ^U  be  maintained  for  eome  time. 
Seoondarj'  battoiies  are  baaed  on  tbia  aotion. 

roLES.--Tho  wires,  ^latea,  Ac,  leading  from  tbo  battery; 
tltuir  name  is  the  opposite  of  that  of  tho  plate  they  lead  from ; 
ihna  the  zinc  is  tho  positive  metal,  plate,  or  olomont  of  the 
battery,  but  tbo  wire  leading  from  the  unc  is  tho  negative 
pole.    This  is  fully  explained,  H  tC^  and  J9^. 

FofiiTivK. — In  the  battery,  the  sine  plato;  id  a  dooompoeitioB 
cell,  tho  auodc. 

Potilitc  PoU ;  4->  tbo  anode,  tlio  unoodo,  by  whioh  tbft 
current  entors  another  colL 

I  Pfmtiee  lont ;  hydrogen,  motabi,  and  hoRlo  radioaU. 

II  I'umTUL.— a  mathemadoal  term  much  misunderstood. 
^K    Tbo  Potential  of  a  battery  means  its  E  M  F. 

^P  Sialic  potential  is  Uiu  corrvniranding  atTesi  exerUd  In  the 
dtroctimi  of  tho  opposile  elootriuities  and  is  comparable  to  Ihe 
prcMuro  excriod  by  head  of  water. 

^^  Polnlial  enfT^y  la  stored  work,  ca)iable  of  again  doing  work. 


McnoKiBY  OF  nniis. 

Nil  in  a  lilV-d  wcigbt,  a  strained  Bpriog,  or  ^emical  i*- 
oompo«itiou. 

QDAicrmr.— A  term  baaed  on  Uw  idea  that  eleotrioity  ia  an 
aetnall^  exiatlng  olvuMiat,  having  ((tuutiutive  rt-l«Uon>  to 
chcDiicat  a^itidiis,  Himiliir  to  tli«  al»tuia  wtighls  of  thu  uiatonal 
element*.  Tbc  diiliiiitlou  apjiUcaUe  (o  exietiuj^  id«-Ha  of  tbt 
nature  of  eWtridly  wilt  be  fuuud  under  "Curt^uU"  Tb« 
milomh  ia  it»  B.A.  unit. 

Badicals.— Kitbcr  elementary  a(oDi«,  or  eompound  bodiea 
wbtcb  act  liko  atoma,  retaining  their  c«mplet«nc§e  and  indi- 
viduality tlirui^li  a  seriee  of  chemical  changes.  It  ia  contHtni 
that  the  acitia  are  formed  of  such  radicals  «vboM  attractkoB  are 
eati«Bed  by  bydiogen,  while  salts  are  tho  sanio  radtcaia  satiaAatl 
W  metals  or  compound  basylous  ndioals.  I1to«o  radioab  «M 
toe  iMf  of  the  theory  of  eleclrolyain- 

Beddckd  Lekoth. — A  term  loTnierly  nsod  to  express  a  reeiat 
ance  in  the  terni§  of  il«  ciiuivaleiit  length  of  wire  or  roeiaiaDoa. 
It  is  now  eupereeded  by  the  definite  cxprvisiuii  in  ohms. 

RXLAr. — A  small  iDstninioiit,  suoh  as  an  elu«tn>-m«j;not,  wbioh 
receives  a  feebl«  current  from  a  diatanoe  and  oloaea  tlie  oircdit 
of  a  local  battery  8i.>  as  to  produce  an  eflvct  of  the  required 
degree  uf  strength. 

KietKOUK  electricity. — Negative,  developed  by  rubbing  ebon- 
ile.  &c 

Kesistahck.^ — The  oppositicn  pKsented  by  ihe  circuit  to  thi 
devclopnieni  nf  the  curront ;  it  is  an  inherent  propiirty  of  every 
sabetAUcei  var)-iDg  in  degree  in  each  siibstanve,  frtmi  silver,  ap 
to  guttapercha  and  the  other  Bo-callod  uoti-oondticti'rs.  What- 
ever tho  rpeoial  mibstanco,  boworcr,  ila  aotnal  rroiHthnce  may 
be  esprcsBud  in  any  oomm<m  unit;  tbuM  wo  :uay  dc»oribe  the 
rcatHtanoe  of  a.  dccompuitition  coll  ««  equal  t<i  ao  muuy  fovt  of  a 
given  wire.     Tht;  nnit  of  resiHtanco  is  thn  Ohm. 

Rerittatiec  it  the  reciproeal  «/  Ike  condaclin//  copanfy  o/  a  eirvuU  : 
ita  ri-lutidun  to  work,  &v.,  nie  explained,  j  jjo. 

Resiiitmicc  lequin-H  ti)  be  evnnidcred  iu  the  rarioua  notioBS 
of  the  dreiiit  as  "inlemal,"  that  of  the  bottlery  itself;  aod 
'*  external,"  that  of  the  work  to  be  done,  tbe  oooduotora  lowliug 
lo  it,  and  any  measuring  apparatus  employed. 

Keeistance,  wbeu  it  u>  not  wx-rk  m  some  fonn,  always  con- 
verts tho  energy  ol  the  current  into  heal.  Se«  Ohm'a  !.»«)■, 
and  Unite. 

BlTARPATiOS.— A  teim  applied  to  tho  inductive  action  wbitA 
loduoes  the  rate  of  sigualling  in  submaiine  cables.  A  signal  to 
be  trnn  remit  ted  riqiiirc»  a  current  at  tho  receiving  en<l  mlt'ijuiito 
to  ihc  uiM'hnnicnf  work  to  1)0  parfoTtUcd  in  tho  iiinlTuuiDiits. 


ujunoSAKY  or  teem& 


t^ 


Bnt  tbe  cnrreut  whiok  Hhmild  bo  gvnontcd  by  th«  wutn  b  oa\y 
slowly  deveIo|>«d  ul  tbo  distant  ood,  5  jo^j  •"<!.  iberefote,  tli» 
Bignal  is  delayed. 

BlUOMETBR.— A  galvanometer, 

BmosTAT. — fiesiatattoe  !n»tmm«Dt. 

Bhiotbopb. — A  luvoniiig  cmmiiltitor. 

SbooUV. — Pruf«.  Ajrilou  iind  I'i'ttj-'ii  niinio  Tot  tbe  unit  of  Ja- 
dactADce  UQW  called  ttio  Hi-ury :  but  it  wim  not  of  cxaoUjr  the 
eamo  value.  beiii(;  boiwd  un  llie  tlica  rucuiv«d  obm,  whil«  the 
Henry  is  related  to  the  truu  uuit. 

SnuosDARy. — Au  miUun  or  n  circuit  di-p<!ndtng  on  another. 

SloONUARr  Actios. — Seo  Electrolyuw. 

SsooiiDAKV  Battert  — 15*)<!  Pulnriritiiou  of  Plat«a. 

StxMxi'ABT  WiKE,  ill  coiIb,  IS  till;  vflro  in  which  the  induced 
cnmmt  ia  mt  up  by  the  mapietic  motion  of  the  core. 

fiSRiB). — Oelia,  &o.,  arranged  tu  oonaecntive  order  00  that  tbo 
•uae  current  trarerees  all. 

Smu  r.— A  wire  arxanged  to  any  off  a  deBiiite  proporliou  of 
a  onrront :  a  b%-e-paas  to  ati  instrumeut ;  another  branch  rooil 
■a  in  railwaya,  from  which  the  term  cutues. 

SOLSKOtM. — Helioea  of  wire,  which  act  as  magnute. 

8wnOH. — See  Commutator. 

TEStsiox.~The  ntraiu  put  npou  the  oirouit  by  the  electro- 
motivo  foice ;  it  may  lie  regaroed  as  a  aiugUt  amouut,  or  »»■+■ 

IMkd  —  eqaal  in  oppoatte  dlrectioiu  from  the  sonroe.  Tbio  tonn 
tued  to  be  employed  in  the  aensa  now  oovered  by  potential. 

TiiKiiM. — A  recent  uame  for  the  "  calory  "  or  water  "  gramnw, 
degree,  cent.,"  heat  unit. 
I         I'uoii. — lliis  name  has  been  soggeeted  for  the  unit  "  mag- 
I     netio  indiK'tion,"  R* !  o^i ;  i-«-  for  the  one  "  lino  of  foice." 
89^8. 

^B  TORqUE. — Tliecircumferential  stroH8  tending  to  twiet  or  turn  iLU 
^^ois ;  it  is  the  stiuin  exerted  by  the  magnetic  lieldH  in  a  ntutor. 
Uvrrs. — The  vuriou§  bosee  of  any  system  of  mcavtirement. 
The  Alitolute  are  based  upon  tho  units  of  mass,  length,  and 
time,  such  as  1  gramme.  1  motre,  and  i  moond. 
>         The  C.O.S.  system,   in  which  tho  ceDtimotre  replacua  the 
metre,  is  nuw  generally  adopted,     its  unit  of /oroe  is  tbo  dmr, 
and  of  eawji/  the  erg,  and  a  complete  systom  of  electric  values 
are  related  to  these. 

The  I).A,  eystem  (tho  Itritiib  AMOoiation),  now  univetwlly 
adopted,  in  baned  npou  the  preceding,  but  consisU  of  namM 
[     units  of  conreaient  magnitndi-,  uh  fgllows :— • 
l^  EUclrMHoUn  FortvaiMt  l'<At»lial.~'Vhv  voU  =  ti/  aOA  imite. 
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DicriosABV  or  teuus. 


Tlio  DkoicH's  cell,  thai  is,  the  chomicsl  aSluity  of  zinc  displ 
copper  from  ite  union  with  enlphurio  radical,  is    1*070  rolla; 
and  therefore,  for  roagh  purpose*,  may  be  taken  aa  a  volL 
B«ritlane«,  the  ohm  =  10'  C.Q.S.  unite. 

Ourrtnt. — The  amp^t,  — j  =  lo"',  or  ■  1  O.Q.S.  unit, 

Qtianiitg.—lho  afulomb,  ths  nnio  rolue  as  the  auipfin 

Kucr^y.^Tlie/oWd,  thtt  work  done  by  gnfi  amp^ro,  in  ou« 
daring  one  noouml. 

P«w«r.— The  uail,  I  -r  74^  of  ^  hona-powar,  oxponded  ii 
doing  I  jouliul  of  ivurk. 

Vbi<bk.^ — OKI  iiainu  of  the  ainpiro. 

VtTia»U!i  ELEimnen'T. — Poititfve,  developed  by  rubbins  gU>«. 

Volt. — The  unit  of  oleclromolive  furoe  and  |mtcntiid.  6o« 
UuitA. 

Voltameter. — An  appuriktua  for  ineainriug  the  current  bj  itt 
chumionl  aoliuu ;  the  tenn  is  usually  limited  lo  n  vetwel  lou- 
vidi*d  with  two  platinum  poles  for  the  deoouiHaition  of  diluUi 
iioid,  aud  with  tubes  for  eolleoting  and  meHauring  tha  g*w:( 
niveu  oft. 

VoLT-AMP&RB.  —  Energy  exitendcd  ))y  current.  Sen  Joule^ 
which  ta  the  aarae. 

Watt. — The  B.  A.  unit  of  "  power."  It  can  supply  unoigy  at 
thorut(i<if  I  jouh^  per  second,  «ud  is  oquftl  to  hoiM-poiror  'O01J4. 
S  437,  or  I  H.P.  =  746  watts. 

ZiNcoDE. — DanicJVn  term  fin-  the  ftDodo^  because,  like  the  siod 
of  a  battery,  it  diaaulvcoL 
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(iioiloiii  on  H«aiitMi«o  »nil  Eleetrouotlv*  i'Drvc."— .^lli■ra. 

"Tlicra  ts  one  frature  wblcih  ittikua  tbu  nvidei  of  llils  book  It  mw,  wbl 
uoio  M  feliU  a*  bo  |I^>ot«lJ :  it  u  tb«  eutbusium  of  Hr.  tJfiraipiB'*  tMcltiug, 
kod  th*  oonacquUDl  jwiiitUkiu^  auiiely  to  rendM  e\*if  point  am  cUoi  m 
|KMlblA>  ■  ■  ■  III.  t<i>nguv  hui  k^t  liid  rJutta  and  exjiluuiitioiu  tlioroUKblf 
irdi  up  witb  ltiL>  Irmcv  nud  tLi-  studont  who  luu  nanUml  bin  urotk  will  Enw 
no  ditltcully  lo  TliIIuw  in-ll  Ihi-  iiroenM  of  new  disoorwjr  aud  luijr  rntnn 
BXtfiuioii  of  tlioirico." — n'edaiiiuttrBevift. 

*■  Tlw  book  bnn  eiidenoa  of  nntob  tboaghi  .  .  .  It  ii  often  enuiieatlr 
ancnilln^  and  if  lu?  bo  wdlgraondod  InolMUioat  matton  be  will  Cod  mnou 
Is  Ur.  Spmgue'B  Uiok  locsoiloUilblBkinsfiioaltMa.''— Qvorferf*  Journal  t^ 

"  Tliu  prlDuiplca  uf  Ibo  KioncD  attd  tbo  o[«nitt«ai«  of  it*  hn  are  giran 
with  a  [K-nipiouilx  nud  fulDm  of  expodtico)  lately  to  be  ine*  «ilb.  It  it 
not  luo  luucli  lu  uy  llinl  tlio  Una  of  tbo  condatioa  of  tbo  f<«cea  aio  bei» 
worked  out  in  a  maanoi  oxeeptionnlly  ImproMod  witb  otigiaaJity.  .  . .  TIm 
work  in  pngtuint  «l  ralokfabi  tbought  and  abovld  be  lead  b;  all  who  Mck 
to  ^1  a  Uriu  Knup  npon  AaihrndatiiciilB]  principle*  of  tbo  idoiiee."— Piof. 
l/nwmHy  o^  SaiM  CafOllM. 


T.  iiuoEBta,  C'nwmHy  o^  SaiM  OmMm. 
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OPINIONS  OF  THE  PB£88  OR  THB  BECOMO  SDXTION. 


'n»flnl«dllfmeri])Iib<idtflHDMl  Mi-  Spntgiio  m  ui  Indopnitat 
uddMptliiiikM:  llibowcdblntolwnooof  Uu  tmnuMiU  ot  vcbolMlfaiM, 
ui'l  look  •  tmiqnH  position  iu  Uio  litontsru  ot  oloculatty. ...  In  Ifak  tciMllle 
Wkw«liBT«aoiiiftni>iionoftliougbL  V«  hiTONaUaeoi  (luilcouUM«Ut  te 
dvrttopsd  toto  iMkfM,  pa^  thftl  wooltl  not  be  thought  long  if  ejtuid«il  Into 
•hftptei*!  aad  aluijUn  Ibiil  iroulit  witily  form  Uio  Mit  lor  oeAottMf  iliod 
Unim,  .  .  .  Wu  know  ot  DO  otiua  hook  ihal  cunUltii  w  anefa  ymctlal 
tnCgsmatioD  npou  iho  >ubjf ttin  bera  tnUad."— ifn; inn*. 

"ThoM  wlio  IcDow  Kmaduug  o(  buok>  will  bcw  out  Uw  •UlMDMtt  that 
originolitj  in  boal:'4iuilnug  i«  MmewliAl  nre.  .  . .  Ameog  iho  fair  origiBMl 
nnrk*  ou  ulcctrical  mlyeobl^  thti  «<  Hr.  BpracM  lakM  ft  wry  hixlt  UmAIdm. 
Tboro  is  hiicdly  a  pago  tluoaghont  bb  Mok  of  CSO  pcea  wlucb  iloca  imI 
lniliicati>  ofiginaUljt  of  UionElit.  .  .  .  Tbco*  if  no  otiw  book  of  tlie  ki>d 
nitli  whioL  lo  eoinparoit.  Jirnt  at  OI«rk-Uaz*>«ll'a  bode  Maad*  alooe,  to 
miiat  thli .  .  .  .  ItcODtninilntonDatKin  whallTnndiaeaTenbla^bcoiaaawlMdhr 
nokuown  to  tho  wrltMv,  In  the  nu^ority  ol  Ust^oolEi.  .  .  >  II  k  •  win 
nbaolaUIf  ntMatur  fat  owry  atoduat  o(  daelrio)^.'— £l«i;tnHaa. 

"A  r«iT  da;8agn,ODBoroiiTCbt«niQal  Mefinipli f«iK^no<n  laU  to o^ '  1  taftn 
liuanl  many  nv  tbty  knew  very  llUlo  about  alouUicIlT  nnlU  thajr  nail 
tjprague'a  book.  Wu  oan  mdom  that  lUlMOtnL  .  .  .  Hr.  Sptaf  iw'i  ««fk 
ut  a  inanwl  of  lucidity  ami  ciupI '>««■.  II  i«  a  booh  «bkli  UM  trlf^UKbi 
•tndml  will  h&il  with  dcliKlil,  and  it  it  n  tnntStu  tbat  th«  ohlnt  eUcUii^l 
oannot  road  wttbout  baioflt  Tho  ohaplon  oa  IUoolJO-BtMie«,  Eltctro- 
motin  Foroe,  atid  Boditanoo,  Kem  like  a  i«f alation.  ,  .  ,  It  ia  chiL  diffivab 
to  diaeoTor  the  aecrvl  «t  tho  iMoeM  ot  tti.  Smgwft  'HoMikiiy':  U  U 
ibo  moRt  nnoonmilional  bm^k  in  tlio  library  ol  Uio  Ekctrician.  rwnaihalili 
for  it*  manypa^  •>(  bnid  aud  original  thoDgbt  ciptoMod  in  Ibo  dcaMkl 
innguoga."—  TcSgroptliL 

"Tboliook  Ulbe  inniit  unfulone  wliioli  baa  been  wrtll«n  on  Uw  niUMit  ul 
tba  ftpplloaltoiia  of  vlualriaily.  It  but  boiiii  a  favouiilo  will)  ua  riuoo  ll>  llr-l 
appMmnce.  .  .aninnJuabUUiukofrvlunnoerartliewotktugalMitrlalaiii.  .  . 
none  eruawtta  ao  dilipidalAl  an  ap|MMMiw  aa  Suiaotio'a  Hrt  •diUoo — lUi 
<i«viiUiieeofltii[VduliceliiliUt].''— JfMftaatet  llurM. 

**  Over  lb*  MgnMun  of  Sif^nn  the  dbtlngnlabed  anlhor  haa  for  many  T«m* 
been  a  ri«i)uvat  ooiitritiutnt  lo  Ibc  colaniiu  of  th*  AgltA  ibtkamia,  and  it  U 
doubtful  U  any  wiih-i'  io  tlio  clocliicol  Behl  baa  baon  ao  proftlaUo  ft  toadier  lo 
■o  large  ■  outulitucncy."— iifodnnun  and  Elt^trital  Btgim^  (AiaatMaa). 

"  The  oaOior  of  thli  book  I*  an  uigl&al  ini««livator  in  tba  flald  of  eleolrioftl 
roKorrb.  lla  Ave*  not  fuU.iw  Ibn  boutm  teaok.  nt  ttilkca  luto  ii««  i«cli«a. 
Ho  mtlloa  up  Iho  dry  lone*  nrii-lontlflodt^nwln  a  moat  ftnocmllMtfthto — nin r, 
but  ponialGbtly  adbon!*  to  |>[nv(>ii  laws  in  prer«raioo  lo  ntro  hypothtda.  Ho 
boon  itartioularly  liar,!  (in  ibo  tnactbw  of  givliiK  a  |dl«aalB(Beo  •  oanw,  and 
thcD  ukiu/  iliit  uiuui)  i(>  ospbiln  the  phmkoataM^    Tin  book  a  tw)  tx- 

Jiolutlva.'--.ilinm'ni<i  M'tdtinitt. 


la  Demy  8vo,  Cloth,  price  24a..  containing  nearly  1000  pages, 
29  large  Folding  Plates,  and  BOO  Illu&tratlone. 
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FOURTH  EDITION,  ENLARGED  AND  REVISED. 


In  tbia  Fonnh  EdtUm,  whleb  hw  bMn  verr  Unsnl;  le-writkoi,  then  uc 
MTonl  ItetuTM  ubicb  dwtioguiBb  it  [rom  iu  pndeocwcn. 

Ttaa  gmt  il<T<;lt>pni(iDt  «f  Public  doctilo  LifbUng  itwliig  lb*  pM*  flru 
;«■«  bM  QecuMitatod  tlio  eoiutnictioii  nT  rnj  lug»  DynMUM  tnttebla  for 
oeotTkl  lUtioiu.  OIth«ntoblbbadl)r[>Mof  tliMamadiiiiMMoiUililMeflp- 
ttoiui  an  glTen. 

A  nmaberol  PUtM  bavo  bora  ftddol,  Kinia  or  tbom  boing;  MAloi^Inwiiigi 
of  rccral  fcnu  of  niMibitici. 

Tho  inrattkn  of  AIltmiaU-eurMut  Uo(on  of  nun  j  nnrel  Ijpef,  datwadlng 
on  tbo  ptodwtian  of  MullipbMO  AlWraato  Can«at»,  hu  clk^cd  a  rpocMt 

0bBpl4I. 

A  obkptei  bw  bwD  m1<1«I  mi  the  Tbecvy  of  ArmHtnr*  WltidbK. 

Nu  patni  baT«  bcoD  tp&r«d  lo  uocrUia  tbo  mo*!  approved  proctioo  in  Uio 
CoOftTucticii  of  Amiblure*.  Commuuton,  and  oihor  detail*  requiring  oombiaed 
ateobMiiwI  anil  •Isotrlokl  luiowlviii^  and  expeticmoe.  A  oti«|^(  baa  bWB 
added  tm  Djnuno  Daalgn. 

Tianimtwton  of  Vvwtt  bj  Eloetrical  M««aa  oIm  okluk*  •  abort  apettel 
fliBptet, 

8un«  r«muki  on  tb«  Monagvmtnl  of  Dtdbuos  b*Te  bMO  HDbodkd  *t  Uie 
«nd  of  tho  work. 
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